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Abstract
Entrepreneurship is one of the major drivers of economies. Countries that aim to improve
their economies by increasing entrepreneurial activities and its effectiveness, need to
develop an effective entrepreneurship ecosystem. This ecosystem combines a set of
domains and factors that create a healthy environment for entrepreneurs. The literature
review analysis indicates that the study of entrepreneurship ecosystems at early stages,
yet it is one of the emerging topics within the last decade. The analysis shows that there is
limited research about structured assessment methods to evaluate the entrepreneurship
ecosystems.

Therefore, this research objective is to introduce a universal assessment model that can be
adopted in different cities for implementing an effective entrepreneurial ecosystem. This
will be achieved by addressing three main research questions. 1) What are the main
factors influencing the entrepreneurship ecosystems? 2) What are the weights of the
factors influencing the implementation of an effective ecosystem? 3) Does the
introduced method provide a practical process to evaluate entrepreneurial ecosystems in
different regions?

The research methodology to address these questions is the Hierarchical Decision Model
(HDM). The structure of this methodology includes four different levels: Objective,
perspectives, criteria, and alternatives (El-Wahed & Al-Hindi, 1998). It was developed
from the Analytic Hierarchical Process (AHP), which is a process that relies on pairwise
i

comparisons conducted by a panel of experts. The main factors of the entrepreneurial
ecosystems were identified based on literature review and experts’ interviews. These
factors were formulated as perspectives and criteria of the Hierarchical Decision Model,
which was validated by subject matter experts. Then, the model was quantified by other
subject matter experts to identify relative weights for all of these perspectives and
criteria. These criteria were measured by developing desirability curves metrics, which
were scored by experts. This research identified and ranked five main perspectives
respectively as follows: market, human capital, finance, culture & support, and policy.
Twenty different criteria were identified and ranked under these perspectives.

Finally, a case study was conducted to demonstrate the practicality of this assessment
model. The model pointed to the weakness and strengths of Riyadh’s entrepreneurial
ecosystem along with providing recommendations for areas of improvement based on
desirability curves.
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1.0 Introduction
Based on Shane and Venkataraman (Shane & Venkataraman, 2000), there are three reasons
behind the study of entrepreneurship. First, entrepreneurship is a field where entrepreneurs
produce products and services from technical information, and most of the technical
information ultimately embodied in products and services (Arrow, 1962). Second,
entrepreneurial based innovations in products and services are essential in driving the
change process. Third, “entrepreneurship is a mechanism through which temporal and
spatial inefficiencies in an economy are discovered and mitigated” (Kirzner, 1997). A
report by the International Telecommunication Union (ITU) shows that entrepreneurs,
startups and small & medium sized enterprises (SMEs) drive 96% of the world economy
(Aminova, 2019).
This dissertation starts with research motivation and problem statement. Then it presents
a literature review highlighting four major parts. The first part covers metrics of
measuring entrepreneurship and innovation. The second part covers metrics of measuring
the performance of entrepreneurial universities. The third part covers entrepreneurship
and the concept of entrepreneurial ecosystem. The fourth part covers critical factors
affecting entrepreneurial ecosystems. These critical factors are considered the
perspectives and criteria of the final assessment model. After the literature review, the
research gaps, objectives, and questions are all identified in section three. Based on the
previous parts, the relevant research methodology is suggested in section four with
explanation of the data collection process, forming experts’ panels, sensitivity analysis,
and desirability curves. Then, the research model design is clarified in section five with
1

definitions of its perspectives and criteria. This section also includes the expert panels
design and identification. The implementation of the research design and the results are
presented in section six. Following the results, sensitivity analysis is included in section
seven. Section eight presents a case study of Riyadh’s entrepreneurial ecosystem. After
that, research validity is presented, which include construct, content, and criteria validity.
Then a discussion of the results presented in section ten. Finally, conclusion is in section
eleven with research contributions, limitations, and future work.

1.1 Research Motivation
There are many reasons that make the study of entrepreneurship an important field of
study at this time. I have been initially interested in startups and business because I have
worked for many years on a family business that was founded back in 1984 in Saudi
Arabia. Working at this family business motivated me to learn more about
entrepreneurship and project management and earn certificates for each discipline while
pursuing my master’s in engineering technology management at PSU. Saudi Arabia has
announced in 2016 the vision of 2030, which supports and encourages entrepreneurship
to diversify the economy away from oil. This means a higher demand on conducting
entrepreneurship research for the case of Saudi Arabia. Analysis of the literature review
shows other motivations behind the study of this field. It is one of the main drivers of
economies (Aminova, 2019). Entrepreneurial ecosystem is a relatively new concept that
has started to emerge within the past twenty years (E. Stam, 2015). Entrepreneurship
programs are recently emerging in the world and there is limited research in this area.
2

Figure 1 shows the recent increase in the number of entrepreneurial ecosystems
publications based on web of science databases from 1995 until 2021.

Figure 1 - Graph Bar Representing the Number of Entrepreneurial Ecosystem’s Publications Per
Year Based on Web of Science Databases.

1.2 Problem Statement
There are limited approaches to evaluate the challenges of entrepreneurial ecosystems in
the world. This problem is eventually affecting everyone, but it is mainly a problem of
countries - represented by their governments and private sectors - and entrepreneurs. It is
important to address this problem because it influences all people and the quality of our
life. Identifying and then assessing the factors affecting entrepreneurial ecosystems
would enable the improvements of these ecosystems. Cohesive and effective ecosystems
3

would empower innovative startups, which will reflect positively on the economies and
the overall quality of life.

Based on the literature review, entrepreneurship is one of the major economic drivers and
entrepreneurial ecosystems are critical parts of this economic driver. The literature also
shows that it is an emerging topic and needs to be explored further. It is a topic that has
been emerging dramatically as shown in figure 1. This concept of entrepreneurial
ecosystem has been adopted in many regions in the world. The maturity of such
ecosystems varies from region to another. Each country and city try to develop its system
to boost the growth of business, which will enrich the economy. However, an essential
part of improving any system is evaluating its effectiveness and finding the most critical
factors that influence it. Therefore, there is a vital need to develop a comprehensive
assessment model that can be applied to the different cities adopting the entrepreneurial
ecosystem. Such an assessment model shell considers all the different perspectives and
criteria. Moreover, it must be applicable and reflect the real challenges of the existing
ecosystems.

4

2.0 Literature Review
The literature review section includes four main parts. The first part covers metrics of
measuring entrepreneurship and innovation. The second part covers metrics of measuring
the performance of entrepreneurial universities. The third part covers entrepreneurship
and the concept of entrepreneurial ecosystem. The fourth part covers critical factors
affecting entrepreneurial ecosystems.

2.1 Metrics of Measuring Entrepreneurship and Innovation
This part of the literature review covers the literature of measuring entrepreneurship and
highlights the work by top institutions such as the Global Entrepreneurship Monitor
(GEM), the Organization for Economic Co-operation and Development (OECD) and the
World Economic Forum among some other institutions and centers.

2.1.1 Entrepreneurship and Innovation Metrics - GEM
The Global Entrepreneurship Monitor (GEM) has introduced entrepreneurship metrics
titled as Entrepreneurship Framework Conditions (EFCs). These metrics were a result of
more than 20 years of observing entrepreneurship in the world combined with the
academic literature. These EFCs encompass social, cultural, and economic status within
the business environment. GEM has found that the development of new business is
affected by the state of the EFCs (Levie & Autio, 2008). Total of 12 EFCs are grouped
and defined in table 1 (Bosma et al., 2021). If we consider EFC 1 “Access to
entrepreneurship finance” as affordable and at a good level, then the new startup can be
5

more scalable than if the business is self-founded. Another example, the level of
“physical infrastructure” is crucial as it is necessary to have access to roads, airports,
electricity and internet in starting business (Bosma et al., 2021; OECD, 2007a).

Table 1 - GEM’s Entrepreneurial Framework Conditions (EFCs) (Bosma et al., 2021).

1- Access to Entrepreneurial Finances: Sufficient funds are available to new startups, from
informal investment and bank loans to government grants and venture capital.
2.1- Government Policy - Support and Relevance: Government policies promote
entrepreneurship and support those starting a new business venture.
2.2- Government Policy - Taxes and Bureaucracy: Business taxes and fees are affordable for the
new enterprise. Rules and regulations are easy to manage, without undue burden on the new
business.
3- Government Entrepreneurship Programs: Quality support programs are available to the new
entrepreneur at local, regional, and national levels.
4.1- Entrepreneurial Education at School: Schools are introducing ideas of entrepreneurship and
instilling students with entrepreneurial values such as enquiry, opportunity recognition and
creativity
4.2- Entrepreneurial Education Post-School: Colleges, universities and business schools offer
effective courses in entrepreneurial subjects, alongside practical training in how to start a business.
5- Research and Development Transfer: Research findings, including from universities and
research centers, can readily be translated into commercial ventures.
6- Commercial and Professional Infrastructure: There are sufficient affordable professional
services such as lawyers and accountants to support the new venture, within a framework of
property rights.
7.1- Ease of Entry - Market Dynamics: There are free, open, and growing markets where no large
businesses control entry or prices.
7.2- Ease of Entry - Market Burdens and Regulations: Regulations facilitate, rather than restrict,
entry
8- Physical Infrastructure: Physical infrastructure (such as roads), Internet access and speed, the
cost and availability of physical spaces, is adequate and accessible to entrepreneurs.
9- Social and Cultural Norms: National culture encourages and celebrates entrepreneurship,
including through the provision of role models and mentors, as well as social support for risktaking.
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2.1.2 Entrepreneurship Measurement Framework - OECD
Another measurement framework has been introduced by the Organization for Economic
Co-operation and Development (OECD), which is an international organization that
works to build better policies for better lives (OECD, n.d.). The OECD created an
Entrepreneurship Indicators Program (EIP) as a result of a variety of initiatives, that seeks
to share a better measurement and understanding of entrepreneurship (Entrepreneurship
and Business Statistics, n.d.). These initiatives along with resources from statistical
institutions, ministries and research institutions helped the formation of OECD’s
framework (Hoffman & Ahmad, 2008).

Many studies conclude that opportunities, skilled people, and resources are the main three
factors that form entrepreneurship. These three factors are all influenced by two themes:
surrounding regulatory framework and culture (OECD, 2007b). The opportunity factor is
created by the market conditions in the state. These conditions could be procurement
regulation, access to foreign markets, competition in the markets, and public investment
(Hoffman & Ahmad, 2008). The skilled people factor refers to the entrepreneurs’
capabilities (C.-M. Lee, 2000). These capabilities include the entrepreneurs’ human and
social capital. The resources factor refers to R&D, technology, and access to capital.
Studies have shown that capital is one of the most important elements for the
entrepreneurs’ success (European, Commission, 2003). All these factors are influenced
by the two themes: regulatory framework and culture. The regulatory framework includes
regulations, public rules, taxes, institutions that play a role in boosting entrepreneurial
7

activities. On the other hand, the culture affects all the elements in the framework. It
influences the behavior and the performance of entrepreneurs (Konopaske et al., 2013).
This framework has been evolving until the OECD has created the “entrepreneurship
determinants indicators” with the cooperation of the European Statistics (EUROSTAT).
This framework was formed out of six determinants with different policy areas. These
policies came as a result of workshop series organized by EUROSTAT and the
Entrepreneurship Indicators Program EIP. The framework that resulted from the
continuous deliberations is summarized in table 2. It is an attempt to create an exhaustive
model but it is expected to have some modifications over time as the knowledge and
experience expand (Ahmad, 2006; Bosma et al., 2021; Hoffmann et al., 2006).

Table 2 - The OECD and EUROSTAT Framework for Entrepreneurship Indicators (Bosma et al.,
2021).
Determinants
Regulatory
Framework

R&D and
Technology

Entrepreneurial
Capabilities

Culture

Access to
Finance

Market
Conditions

Administrative
Burdens for
Entry

R&D
Investment

Training and
experience of
entrepreneurs

Risk Attitude
in Society

Access to
Debt
Financing

Anti-Trust
Laws

Administrative
Burdens for
Growth

University/
Industry
Interface

Business and
Entrepreneurship
Education (skills)

Attitudes
Towards
Entrepreneurs

Business
Angels

Competition

Bankruptcy
Regulations

Technological
Cooperation
Between Firms

Entrepreneurship
Infrastructure

Desire for
Business
Ownership

Access to
VC

Access to the
Domestic
Market

Safety, Health
and
Environmental
Regulations

Technology
Diffusion

Immigration

Entrepreneurshi
-p Education
(mindset)

Access to
Other Types
of Equity

Access to
Foreign
Markets
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Product
Regulation

Broadband
Access

Labor Market
Regulation

Patent System;
Standards

Stock
Markets

Degree of
Public
Involvement
Public
Procurement

Court & Legal
Framework
Social and
Health
Security
Income taxes;
Wealth/Beques
t Taxes
Business and
Capital Taxes

The following tables (table 3 - 5) include a detailed list of indicators of three selected
entrepreneurial determinants based on OECD.

Table 3 - List of Detailed Regulatory Framework Indicators based on OECD Model (OECD, 2011a).
REGULATORY FRAMEWORK

Determinant
Indicators

Administrative
burdens (entry
and growth)

Bankruptcy
Regulations

Product &
Labor
Market
Regulations

Court &
Legal
Framework

Social and
Health
Security

Income taxes;
Wealth/Beque
st Taxes

Business and
Capital Taxes

Sub-Indicators

Burden of
Government
Regulation

Actual Cost
to Close a
Business

Difficulty
of Firing

Enforcing
Contracts Cost in %
of claim

Public
Expenditure
on
Unemployme
nt Support

Average
Income Tax
Plus Social

SME Tax
Rates

Enforcing
Contracts Number of
Procedures

Public Health
Care
Coverage

Costs Required
for Starting a
Business

Actual
Time to
Close a
Business

Difficulty
of Hiring

Contributions

Highest
Marginal
Income Tax
Plus Social
Contributions
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Taxation of
Corporate
Income

Minimum
Capital
Required for
Starting a
Business

Bankruptcy
Recovery
Rate

Ease of
Hiring
Foreign
Labor

Number of
Days for
Starting a
Business

Possibility
of a Fresh
Start

Extent of
Incentive
Compensati
on

Number of
Procedures for
Starting a
Business

Enforcing
Contracts Time

Revenue from
Bequest Tax

Revenue

Revenue from
Net Wealth
Tax

Taxation of
Dividends Top Marginal
Tax Rate

Rigidity of
Hours
Index

Taxation of
Stock Options

Procedures
Time and Costs
to Build a
Warehouse
Registering
Property
Time it Takes
to Prepare, File
and Pay the
Corporate
Income Tax,
VAT and
Social
Contributions

Table 4 - List of Detailed Market Conditions Indicators Based on OECD Model (OECD, 2011b).
Determinant

MARKET CONDITIONS

Indicators

Anti-trust
Laws

Competition

Access to Foreign
Markets

Degree of Public
Involvement

Private
Demand

Sub-Indicators

Antitrust
Framework

Network
Policies

Export Burdens

Government
Enterprises and
Investment

Buyer
Sophistica
-tion

Import Burdens

Licensing
Restrictions
Ownership of
Banks
Price Controls
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Table 5 - List of Detailed Access to Finance Indicators Based on OECD Model (OECD, 2011c).
Determinant

ACCESS TO FINANCE

Indicators

Access to Debt Financing

Access to Venture Capital

Stock Markets

Sub-Indicators

Country Credit Rating

Venture Capital Availability

Buyouts

Domestic Credit to private
sector

Venture Capital - Early Stage

Capitalization of
Primary Stock
Market

Ease of Access to Loans

Venture Capital - Expansion
Stage

Capitalization of
Secondary Stock
Market

Interest Rate Spread

Investor Protection

Legal Rights Index

Market
Capitalization of
Newly Listed
Companies
Turnover in Primary
Stock Market

2.1.3 Economic Drivers by the World Economic Forum
The world economic forum has presented in its 2020 global competitiveness report five
general drivers for economic prosperity, which influence entrepreneurship (Schwab &
Zahidi, 2020).

The first driver is “enabling environment”. This encompasses formal and informal
institutions, infrastructure, utilities, framework conditions and public finances. Second,
“human capital”, which refers to the individuals’ skills and capabilities that needs to be
supported providing health care, education, and training. Third driver is “markets”.
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Producing goods and services that satisfy people's needs with reasonable prices. Fourth
driver is the “innovation ecosystem”, which is a “complex process that spans the
generation of ideas, their translation into products, and the commercialization of these
products to a large scale” (Schwab & Zahidi, 2020). Many factors are involved in
creating an innovation ecosystem. These factors could be business culture, risk-taking,
regulations, administrative norms, and knowledge generation sector. Then a cohesive
working environment must take place. For example, the different components of the
knowledge sector (universities, research centers and laboratories) must collaborate with
the business. Innovation ecosystems should help societies and improve the living
experience. Fifth driver is “assessing countries’ transformation readiness”, which
involves measuring the readiness of countries to achieve economic transformation
(Schwab & Zahidi, 2020).

2.1.4 Entrepreneurship Policy Innovation Metrics
States are implementing different policy tools to support the establishment and growth of
business. However, there are common major key areas that receive the most attention
from all the states (Pages, 2006):
● Access to Capital: Providing finance needs for small businesses up to venture
capital. Most of the initiatives ؛focus have been directed to the early-stage equity
capital.
● Technology Development/Incubation: Providing support for technology-based
startups including biotechnology and nanotechnology firms at their early stages.
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● Regulatory Reform: Founding small business advocates and modifying the
existing regulations to suit the growth of entrepreneurial activities.
● Education: Providing entrepreneurial training at all the educational levels.
● Awards and Recognition: Showing appreciation to entrepreneurship and
recognition to entrepreneurs through awards such as the “entrepreneur of the
year” (Pages, 2006).

2.1.5 Promising Practices in Innovation Metrics
New methods of assessing innovation policy are being developed by the European Union,
OECD and other national & regional programs. These efforts have been directed toward
the implementation of the measurement tools so it can add value to practitioners. The
OECD has introduced Oslo Manual as an innovation measurement tool. The European
Union has created (PAXIS Manual) that combines effective measurement tools (The
PAXIS Manual for Innovation Policy Makers and Practitioners, Brussels2006). Other
works in this area have been done by governments. For example, the Department of
Trade and Industry at the United Kingdom has published studies about the UK innovation
indicators.

To create a good performance measurement system, it is important to present
entrepreneurship policy metrics in a wide innovation policy framework, so it is
comprehensive. A measure such as “New Business Starts” should be tight with a
justification of how and why it is an important metric of an innovation framework.
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Collaboration is another necessary trait in building a performance measurement system.
Networks between institutes and researchers are keys to an effective performance
measurement system. Such a system should also be relevant to managers and the
community. It is reasonable for regions to measure their performances with respect to
their neighbors or similar regions and communities (Pages, 2006).

2.2 Metrics of Measuring the Performance of Entrepreneurial Universities
This part of the literature review provides an example of the literature covering the
elements of entrepreneurship ecosystems. Entrepreneurship ecosystems include a group
of individuals, organizational, industrial, and environmental elements. Examples of these
environmental elements are culture, capital, markets, networks, leadership, and education
that are all incorporated together. Universities come as one of the sub-elements of
education, universities are essential keys in developing entrepreneurial ecosystems.
Moreover, researchers have shown that universities have built their own ecosystems
(Guerrero et al., 2017). The academics, governments and policymakers have given
attention to the phenomenon of entrepreneurial universities. Many empirical studies have
been conducted on the entrepreneurial universities discussing the technology transfer,
transformation process and the outcomes of such universities in developed countries
(Clark, 1998; Guerrero & Urbano, 2012; Kirby, 2006; Klofsten & Jones-Evans, 2000;
Link & Scott, 2005; O’Shea et al., 2005, 2007; Wright, 2007).
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Universities are expected to contribute to economic growth and social welfare more than
before (Etzkowitz et al., 2000). Studies have shown that the entrepreneurial universities
have global impacts on the educational process by performing entrepreneurial activities
in addition to their roles of teaching and research (Seneler et al., 2019). Entrepreneurs,
academics, or employees all are affected by the entrepreneurial ecosystems (Guerrero,
Urbano, et al., 2020). During the last two decades, the literature has validated the work of
entrepreneurial universities toward supporting the economical, societal and technological
development (D. B. Audretsch, 2014; Bruno et al., 2020; Guerrero et al., 2015; Guerrero
& Urbano, 2012). In the past five years, academics have focused on the role of
entrepreneurship ecosystems in the development of high-growth firms (Guerrero, Liñán,
et al., 2020). Nevertheless, there is a lack of research in areas like the study of similarities
and differences of the conditioning factors and the outcomes of entrepreneurial
universities (Guerrero et al., 2014).

2.2.1 Definitions of Entrepreneurial Universities
Entrepreneurial universities can be defined as supportive incubators that create
atmospheres of exploration and evaluation of ideas. These ideas can then be transformed
into economic and social initiatives (Guerrero et al., 2014). The entrepreneurial
universities create a space for collaboration and play a major role in networking and
partnerships in its region (Inzelt, 2004). Each university has its unique characteristics
based on its institutional arrangements although these universities might share similar
cultural, economic, and historical circumstances. The differences and similarities between
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these universities have not been studied. Comparative research needs to be conducted to
comprehend the outcomes and outputs of the entrepreneurial universities in different
regions but share similar political, economic, and social climates (Guerrero et al., 2014).
Despite these variations in universities, similar developments have been noticed within
the American and European educational system (Dabić et al., 2016).

The entrepreneurial university is a knowledge creator that provides the necessary
environment for the university community (students, academics, and staff) to experiment,
explore and generate ideas (Kirby, D. A., Guerrero, M., & Urbano, D, 2011). Exceeding
the traditional activities of a university (teaching and research) and engaging with the
business and non-academic community in order to drive innovation is what an
entrepreneurial university should look like. (Advait & Susan, 2019; Clarke, 2001;
Klofsten & Jones-Evans, 2000)
A broader term within this topic is the “entrepreneurial university ecosystem”, which
refers to the universities that contribute to the local and global economy through their
entrepreneurial activities (Advait & Susan, 2019; Cohen, Wesley M., Richard R. Nelson,
and John P. Walsh, 2002; Guerrero et al., 2016). Examples of these activities are
patenting, licensing, creating science parks, creating incubators, and investing in startup
along with other indicators (Advait & Susan, 2019; Mowery, David C., Richard R.
Nelson, Bhaven N. Sampat, and Arvids A. Ziedonis, 2015; Siegel, 2006).
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2.2.2 Metrics
Guerrero and Urbano (2012) suggested an integrated model for the entrepreneurial
universities that include environmental and internal conditioning factors. Figure 2
represents the model including conditioning factors (F), Outcomes (O), and Outputs (E).
The conditioning factors split into environmental factors derived from institutional
economics, and internal factors derived from resources. The outcomes encompass
research, teaching, and entrepreneurship. Lastly, the outputs incorporate the social and
economic.

Figure 2 - Entrepreneurial University Model Adopted from Guerrero and Urbano (2012)

2.2.3 Conditioning Factors - Environmental
First factor of the environmental conditioning factors is the entrepreneurial organization
and governance structure of the university. It refers to its leadership, decision making
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process, and internal management structure. The horizontal coordination allows for a
better dynamic between the intellectual, finance and physical resources more than the
traditional bureaucratic model as Van Vught (1999) claims. The university’s governance
structure turns out to be much integral to the entrepreneurial model (O’Shea et al., 2007).

Second factor is the support measure, which is affected by the first factor. It influences
the range of support to new startups, small university business, research facilities,
research groups, technology transfer offices and incubators (Grimaldi & Grandi, 2005;
Link & Scott, 2005). These support measures enhance the connections between the
academic entrepreneurs and the external agents or markets (Vohora et al., 2004).

Third factor is the entrepreneurship educational programs along with the exchange
programs that enable students or academics to sharpen their business skills. Strategic
relations between the universities and the industry allow students to build experiences
and gain practical knowledge that impact professional or academic roles (Guerrero et al.,
2014; J. Lee & Win, 2004).

Fourth factor is the attitude toward entrepreneurship. The university community is a main
actor in the formation of entrepreneurial universities, and a major element in this
formation is the attitudes of students, faculty, and administration toward entrepreneurship
(Guerrero et al., 2008). Louis (1989) found that individual attitudes and attributes are the
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most important indicators of university entrepreneurship. Entrepreneurial attitudes are
crucial for the development of entrepreneurial teams (Vanaelst et al., 2006).

Fifth factor is the role models. Successful entrepreneurs play a motivational role in
inspiring others within their community to start their own entrepreneurial journeys.
Observing those role models and how they have overcome the business obstacles increase
the entrepreneurial awareness and create ambition among students. Combining innovative
ideas with capital risks is what distinguishes entrepreneurs who then become the role
models. Those are the pioneers who make it easier for the rest of the community to
visualize success (O’Shea et al., 2005; Venkataraman, 2004).
Last conditioning factor is the reward system. The rewards support the academic
entrepreneurs with their costs of taking the entrepreneurial path. The nature of the reward
systems could be monetary such as funds, scholarships and resources or non-monetary
such as promotion and recognition systems (Bernasconi, 2005; Kirby, 2006; Landry et
al., 2006; Wright, 2007).

2.2.4 Conditioning Factors - Internal
The second part of the conditioning factor is the internal factor, and it has five factors as
figure 2 shows. Human capital is very important in the development of entrepreneurial
universities as many researchers implied (Wright, 2007). A second factor is the financial
capital, which usually comes from diverse sources such as student fees, government,
research, and others (Clark, 1998). The technological capital is the third internal factor
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that focuses on developing connections between the future entrepreneurs and venture
capitalists and advisors who offer the human and financial resources required for
launching firms (O’Shea et al., 2005). “Complementing the entrepreneurial university’s
technological capital are the trans-disciplinary and heterogeneous structures, hybridizing
organisms or alliances with industry and government that enable the university to exploit
its social capital”(Guerrero et al., 2014). Social capital is the fourth internal factor that
includes the offered goodwill to students and academics (Adler & Kwon, 2002). Lastly,
status and prestige of the universities represent the attraction point to public funding,
investments, and networks (O’Shea et al., 2007).

2.2.5 Features of universities
Clark and Etzkowitz (2017) have identified similar features of the entrepreneurial
universities. Some of these features could be as follow:
● Active community engagement.
● University knowledge capitalization has a strong impact in society.
● Independent in decision making.
● Take risks to be innovative (Etzkowitz et al., 2017).
The existing metrics of measuring entrepreneurial universities have some gaps as they do
not consider the complexity of interactions and triple helix activities , do not take into
account the national and global uniqueness, and the platforms enabled by digitalization
(Etzkowitz et al., 2017; Hicks et al., 2015; Perkmann et al., 2013; Rideout & Gray, 2013)
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2.2.6 Triple Helix Model
The triple helix model is the core concept of the entrepreneurial university phenomena. It
was developed by (Etzkowitz, 1993; Etzkowitz & Leydesdorff, 1995) with the belief that
the role of universities is crucial in innovation and economic development. This role can
be effective with the cooperation of three pillars of innovation: university, industry, and
government (Feola et al., 2020).

2.2.7 Other Metrics
A single global set of metrics does not meet the need of measuring entrepreneurial
universities with its dynamic nature. Instead, a methodological toolkit including a set of
metrics would create a better assessment. The Global Entrepreneurship University
Metrics (GEUM) project has introduced four different categories of indicators. The
GEUM is an international project with a group of university researchers, metricians, and
critics who are collaborating with the aim of transforming rating measures into a
comprehensive model that supports global academics and community development.
These efforts are building on the existing metrics that need modulations. GEUM’s four
categories of indicators are summarized in table 6 (Etzkowitz et al., 2017).
Table 6 - GEUM’s Categories of Entrepreneurial Universities Indicators (Etzkowitz et al., 2017)

Category
Inputs

Details
People, resources, knowledge, university policies, education and
development opportunities offered, etc.

Throughputs

Activities, capabilities, orchestration, etc.

Outputs

Publications, collaborations, patents, etc.

Outcomes

Strategic positioning, socio-economic, rankings / reputation, etc.
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2.3 Entrepreneurship and Entrepreneurial Ecosystems
This part of the review focuses on four main topics: First, definitions of entrepreneurship.
Second, an overview of the entrepreneurial ecosystems’ literature. Third, definitions of
ecosystems. Fourth, models and attributes of the ecosystem.

2.3.1 Entrepreneurship Definitions
Defining entrepreneurship is one of the main obstacles in building conceptual frameworks
(Shane & Venkataraman, 2000). This literature review presents some of the most
recognizable definitions of this dynamic field. The majority of researchers have defined
entrepreneurship from the perspective of entrepreneurs and their activities (Venkataraman,
1997). This approach of definition neglects that entrepreneurship involves a combination
of both: the presence of profitable opportunities and the availability of enterprising
individuals. Defining the entrepreneur as an individual who starts a new business is
misleading because it does not consider the opportunities (Venkataraman, 1997). The
existence of entrepreneurial opportunities is crucial when discussing entrepreneurship.
These opportunities could be new services, goods, material or organizing methods that can
be offered for a price that is higher than its production (Casson, 1982). There are three
different categories of opportunities: (1) new information creation, which could be seen in
the invention of new technology; (2) the utilization of market inefficiencies; (3) the reaction
to changes in cost and benefits of the alternative resources uses, which can be observed in
political, regulatory, or demographic changes (Drucker, 1985). Overall, entrepreneurial
opportunities exist mainly due to the variety of beliefs and perspectives about the
resources’ values and how to transform them into profitable ideas (Kirzner, 1997). It is
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important to have different beliefs about the value of resources because entrepreneurship
requires joint production that combines different resources to generate new products or
services (Shane & Venkataraman, 2000). Moreover,” economies operate in a constant state
of disequilibrium. Technological, political, social, regulatory, and other types of change
offer a continuous supply of new information about different ways to use resources to
enhance wealth” (Schumpeter, 1934). The fields of entrepreneurship studies, urban
economics and the economics of entrepreneurship have all became more connected through
the research of entrepreneurship (Autio et al., 2014; Ucbasaran et al., 2001; Welter, 2011;
Zahra et al., 2014). Popularity of entrepreneurship ecosystems among policymakers and
entrepreneurs has driven the interest amongst academic researchers in the entrepreneurship
studies (F. C. Stam & Spigel, 2016).

2.3.2 Overview of Entrepreneurial Ecosystems Literature
The literature review of entrepreneurial ecosystems approach focuses on the external
business environment similar to other established approaches such as clusters, innovation
systems and learning regions, and industrial districts. What distinguishes the
entrepreneurial ecosystems from the other concepts is that the entrepreneur is the main
focus instead of the enterprise. The entrepreneurial ecosystem approach considers
entrepreneurs to be the leaders and the center of the system creation rather than only
considering them as results of the system. Entrepreneurial leaders and policy makers are
the main stakeholders of ecosystems based on the recent famous literature on
entrepreneurial ecosystems. This literature lacks depth and does not highlight academic
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audiences as much as practitioners (E. Stam, 2015). The role of the social context in
enabling entrepreneurship appears to be present in the literature review of entrepreneurial
ecosystems (Acs, Z.J., Autio, E., & Szerb, L., 2014; Neck, H.M., Meyer, G.D., Cohen, B.,
& Corbett, A.C., 2004; Sternberg, 2007; Ylinenpää, 2009). Spigel (2015) found that the
literature of entrepreneurial ecosystems includes research on “clusters (Delgado et al.,
2010; Marshall, 1920; Porter, 1998), economic geography (M. P. Feldman, 2001; Malecki,
1997), innovations systems (Cooke et al., 1997; Fritsch, 2001), social capital (Westlund &
Bolton, 2003), and networks (Sorenson & Stuart, 2001; T. Stuart & Sorenson, 2003)”.

The current work on entrepreneurial ecosystems tends to generalize successful models such
as Silicon Valley and Boulder, Colorado instead of relying on non-scientific research.
Therefore, it is still an underdeveloped research area (F. C. Stam & Spigel, 2016). Despite
the limited research work in this area, there are examples of empirical studies that explain
how effective entrepreneurial ecosystems can support entrepreneurship in several regions
(Fritsch, 2013; Tsvetkova, 2015). For instance, Mack and Mayer (2016) studied the role of
entrepreneurship success in building entrepreneurial ecosystems in Phoenix, Arizona.
Their study was a result of observing entrepreneurial culture, successful stories, and public
policies. “Spigel’s (2015) study of entrepreneurial ecosystems in Waterloo and Calgary,
Canada suggests that while ecosystems can have different structures and origins, their
success lies on their ability to create a cohesive social and economic system that supports
the creation and growth of new ventures. Other work on regions such as Silicon Valley (M.
P. Feldman, 2001; Patton & Kenney, 2005; Saxenian, 1994), Washington DC (M. P.
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Feldman, 2001) and Kyoto (Aoyama, 2009) — even if not using the precise term
‘entrepreneurial ecosystem’ — described how interlocking historically produced, placebased elements created the conditions for long-term entrepreneurial success” (F. C. Stam
& Spigel, 2016).

The approach of entrepreneurial ecosystems has recently emerged within the last decade
(E. Stam, 2015). Entrepreneurial ecosystems have been used as a concept to analyze the
development of entrepreneurship in different geographical locations. To understand the
mechanism and the effect of entrepreneurial ecosystems, further research needs to be
conducted. This will provide an easier understanding for the role of this concept in
developing entrepreneurship in different regions (Spigel, 2015). Culture, Social networks,
universities, investment capital, and economic policies that support technology innovationbased ventures are all elements of ecosystems. These elements are seen in academia (Acs,
Z.J., Autio, E., & Szerb, L., 2014; M. Feldman et al., 2005), policy (D. J. Isenberg, 2010b;
Jones, 2013), and well known entrepreneurship literature (Feld, 2012; Hwang, V.W., &
Horowitt, G., 2012) as an approach to develop strong economies built upon entrepreneurial
innovation. However, the research in entrepreneurial ecosystems is still in the early stages.
The studies of ecosystems have to contribute to the internal elements of ecosystems and
how these different elements frame this general ecosystem (Spigel, 2015). Case studies of
entrepreneurial ecosystems in Waterloo, Ontario, Calgary, and Alberta illustrate that
successful ecosystems are not defined by the high rate of entrepreneurship. Instead, it is
defined by the abilities of its attributes to generate a supportive ecosystem of new ventures
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competitiveness (Spigel, 2015). In developed countries, a main goal for industry policy has
been increasing the number of high growth firms (HGFs) but the current strategies have
been ineffective. It was found that designing supportive framework conditions is
inadequate to achieve such a goal (Mason & Brown, 2014). Entrepreneurial ecosystems
have led to economic rise in countries like China, United States, Argentina, India, and
Mexico despite the unstable social and economic states (Bernardez, 2009).

2.3.3 Definitions of Entrepreneurship Ecosystem
Policies, regulations, subsidies, and many other factors affect the development of
entrepreneurship. However, the development of entrepreneurship requires building
ecosystems that includes supportive institutions and encouraging culture (Mayer et al.,
2018). Institutions are essential in boosting entrepreneurship, and entrepreneurs play an
important role in the institutional changes (Faghih & Zali, 2018). Individuals and
institutions are the main elements that shape the entrepreneurship ecosystem (Barati et al.,
2017). The ecosystem approach has been addressed in the fields of business,
entrepreneurship, and innovation. These ecosystems consist of elements that interact with
each other forming complex systems (Maysami et al., 2019).

Definitions of entrepreneurial ecosystems vary in the literature and there is no widely
shared definition because the concept has only started to occur in the last ten years (E.
Stam, 2015). Business books such as Startup Communities by Feld (2012) and studies by
Isenberg (2010a) in Harvard Business Review played a role in developing the concept of
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entrepreneurial ecosystem. James Moore introduced the term “ecosystem” first in a
Harvard Business Review published paper back in the 1990s (Moore, 1993). It was found
that new startups perform better in healthy and active ecosystems compared to other
startups (Rosted, 2012).

Based on literature review, the entrepreneurial ecosystem was defined as the “Set of
interconnected entrepreneurial actors (both potential and existing), entrepreneurial
organizations (e.g. firms, venture capitalists, business angels, banks), institutions
(universities, public sector agencies, financial bodies) and entrepreneurial processes (e.g.
the business birth rate, numbers of high growth firms, levels of ‘blockbuster
entrepreneurship’, number of serial entrepreneurs, degree of sellout mentality within firms
and levels of entrepreneurial ambition) which formally and informally coalesce to connect,
mediate and govern the performance within the local entrepreneurial environment” (Mason
& Brown, 2014).

A brief and recent definition of entrepreneurship ecosystem is “Enabling entrepreneurship
within a region through a group of interdependent factors” (F. C. Stam & Spigel, 2016).
To elaborate on this definition, Spigel (2015) explained it as “the combinations of social,
political, economic, and cultural elements within a region that support the development
and growth of innovative startups and encourage nascent entrepreneurs and other actors to
take the risks of starting, funding, and otherwise assisting high-risk ventures”.
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Before the introduction of “entrepreneurial ecosystems”, Dubini (1989) referred to
ecosystems as environments. She associated the entrepreneurship environment with the
presence of “family businesses and role models, a diverse economy, a strong business
infrastructure, available investment capital, a supportive entrepreneurial culture, and public
policies that incentivize venture creation” (Spigel, 2015). Entrepreneurial ecosystems are
defined as the elements that enable productive entrepreneurship within a specific field
(Baumol, 1990). The concept of entrepreneurial ecosystems has two parts. The first is
“entrepreneurial”, which refers to exploring the opportunity of creating new goods or
services, followed by evaluation, and then taking actions (Shane & Venkataraman, 2000).
The second part is “ecosystem”, which is defined as the “system, or a group of
interconnected elements, formed by the interaction of a community of organisms with their
environment” (Kreuzer et al., 2018).

Other definitions focus on different aspects such as talented workers, lawyers, large local
firms or universities that take the role of talents supporters (Neck, H.M., Meyer, G.D.,
Cohen, B., & Corbett, A.C., 2004; Patton & Kenney, 2005; Spilling, 1996). Isenberg
(2010a) and the World Economic Forum (2013) identified the essential elements of
ecosystems with the presence of human capital, mentorship and supportive programs,
financing, local and international access to markets, solid organizational framework, and
universities.
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Prahalad’s (2008) definition of entrepreneurial ecosystem is creating a system that enables
individuals, enterprise, and the society to work together toward creating economic profit
(Suresh & Ramraj, 2012). Entrepreneurial ecosystems are also defined as enabling
entrepreneurship within a region through a group of interdependent factors (F. C. Stam &
Spigel, 2016).

2.3.4 Attributes and Models of Entrepreneurial Ecosystem
Attributes
Isenberg (2010b) concluded that there are nine attributes that leaders should follow when
building an entrepreneurial ecosystem rather than an exact formula. These attributes focus
on the contribution of the local conditions and building from the bottom-up process. “(1)
Stop emulating Silicon Valley. (2) Shape the ecosystem around local conditions. (3)
Engage the private sector from the start. (4) Stress the roots of new ventures. (5) Don’t
over engineer clusters; help them grow organically. Second, they emphasize ambitious
entrepreneurship. (6) Favor the high potentials. (7) Get a big win on the board. And third,
focus on institutions. (8) Tackle cultural change head-on. (9) Reform legal, bureaucratic,
and regulatory frameworks.” (D. J. Isenberg, 2010b).

These attributes have led Isenberg (2011b) to build a six domains ecosystem that includes:
policy, finance, culture, support, human capital, and markets. Figure 3 shows Isenberg’s
ecosystem domains. This ecosystem intersects with the previous nine attributes by Isenberg
(2010b) and the eight pillars by the World Economic forum (2013). These pillars include
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resources such as human capital, finance, and services.

Figure 3 - Ecosystem Model for Growth Entrepreneurship by Isenberg (2014).

Within these resources (talents, investors, mentors & advisors, entrepreneurial peers) play
a major role in sustaining entrepreneurial ecosystems. Other actors within these resources
that enable entrepreneurship are formal (government & regulatory framework) and
informal actors (cultural support) (F. C. Stam & Spigel, 2016).

Spigel (2015) grouped nine attributes into three different categories: Cultural, social, and
material. The three categories show that the entrepreneurial activities are the results of
entrepreneurial ecosystems. Category one is the cultural attributes that includes: supportive
culture and histories of entrepreneurship. Category two is the social attributes that includes:
worker talent, investment capital, networks, mentors, and role models. “The importance of
social networks and social capital to the entrepreneurship process is well documented”
(Nijkamp, 2003; T. E. Stuart & Sorenson, 2005). The third is the material attributes, which
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includes policy and governance, universities, support services, physical infrastructure,
open markets. Figure 4 shows Spiegel's attributes’ relationship within entrepreneurial
ecosystems.

Figure 4 - The Relationships Between Attributes Within the Entrepreneurial Ecosystem (Spigel,
2015).

This relational perspective of cultural, social, and material attributes presents contributions
to the work that has been done on entrepreneurship. It provides potential frameworks of
research methodologies to study and compare the different entrepreneurial ecosystems and
how they interact and support entrepreneurship. “The importance of relationships between
different attributes demonstrates that new material attributes such as entrepreneurial
support organizations, state-financed startup investment schemes, or new university
technology and knowledge transfer programs are unlikely to succeed if they are not
underpinned by complementary social and cultural attributes” (Spigel, 2015).
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Models
Based on work by Stam (2015), a new entrepreneurial ecosystem model has been
developed. This model includes four main levels: Framework conditions, systemic
conditions, outputs, and outcomes as shown in figure 5. The level of systemic conditions
is the core level in this ecosystem. It includes networks of entrepreneurs, leadership,
finance, talent, knowledge, and support services. A successful ecosystem could be seen
where these elements are available with a cohesive interaction. The network of
entrepreneurs makes knowledge and information sharing an easier process. Leaders help
in guiding entrepreneurs inside the ecosystem relying on their experiences and influence
in their regions. Finance is the third element that is provided by different types of investors
(Kerr & Nanda, 2009). A much more important element is the presence of talented
individuals (Acs & Armington, 2004; S. Y. Lee et al., 2004; Qian et al., 2013). Knowledge
is another important element that makes the ecosystem much more effective (D. B.
Audretsch & Lehmann, 2005). Lastly, “the supply of support services by a variety of
intermediaries can substantially lower entry barriers for new entrepreneurial projects, and
reduce the time to market of innovations” (Zhang & Li, 2010).
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Figure 5 - Key Elements and Outcomes of the Entrepreneurial Ecosystem (E. Stam, 2015).

Another conceptual framework of the entrepreneurial ecosystem was created by
considering eight different factors: Moral, Financial, Technology, Market, Social,
Network, Government and Environmental Support as shown in figure 6.
● Moral support: The overall support from family, friends, and the society.
● Financial support: Most of this support from family, venture capitalists, angel
investors, financial institutions, and government entities.
● Network support: It includes online networking platforms and physical
communities like industry and alumni associations. It also includes organizations
such as the National Entrepreneurship Network (NEN).
● Government support: This could be through incentives, incubation centers,
programs by micro small medium enterprises (MSME).
● Technology support: Support by technology developed at educational centers,
government incubation centers, etc.
● Market support: Market opportunities, suppliers support, customers loyalty, etc.
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● Social support: The reward from surrounding communities and social media.
Acceptance of failure and taking high risks business actions.
● Environmental support: Natural resources and the environmental status in
regions (Suresh & Ramraj, 2012).

Figure 6 - Conceptual Framework of Entrepreneurial Ecosystem (Suresh & Ramraj, 2012).

2.4 Critical Factors Affecting the Entrepreneurial Ecosystems
2.4.1 Policy
Policy is defined as the set of government guidelines and regulations that control the
entrepreneurial activities (Management Study Guide, n.d.-a). The systemic approach of
the entrepreneurship ecosystem provides an opportunity for policy makers to boost the
growth-oriented entrepreneurship by developing policies and implementing strategies (R.
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Brown & Mason, 2017). Policy makers have been supporting the high level of
entrepreneurial activity, which results with economic growth and job creation (D. B.
Audretsch et al., 2015). Essential implications for entrepreneurship progress could be
summarized as follows (Mason & Brown, 2014). First, policies have to be dynamic
because ecosystems are changing and continuously evolving (E. Stam & Van de Ven,
2019). Second, every ecosystem needs different policies that suit its unique environment.
The variety of cultures, banking systems, and educational systems are all factors affecting
the policy approaches. Duplicating other ecosystems is an immature approach that would
most likely fail (Hospers, 2006; R. Martin & Sunley, 2003). Third, “Policy
implementation has to be holistic”(Mason & Brown, 2014). Initiatives have a higher
chance of success if implemented in a synergic environment. Fourth, there should be a
distinction between small business policies and entrepreneurship policies as they are two
different concepts. Small business policy aims to increase the number of start-ups
regardless of their growth and survival rates. It is a bad public policy as Shane (2009)
described. Unfortunately, it is embedded in public policies (Nightingale & Coad, 2013).
On the other hand, entrepreneurship policy focuses on supporting start-ups with high
growth potential. These businesses need relational assistance more than transactional
assistance. They benefit from the shared entrepreneurship knowledge within their
business communities (Fischer & Reuber, 2003; Mason & Brown, 2013). Finally, it is
important to consider the diverse forms of start-ups when creating policies (Mason &
Brown, 2014).
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Government
Government is a major element of the policy perspective, and it covers the institutions
and regulations. This element is defined as the quality of government institutions,
services, and regulations to guide and control the entrepreneurial activities within the
state (North, 1990). The rule of law, accountability, government effectiveness, and
corruption are all factors to evaluate the government institutions (E. Stam & Van de Ven,
2019). Ministries of commerce, trade agencies, and chambers of commerce are all
examples of these institutions. Many scholars have studied the impact of entrepreneurship
policy on economic growth (Acs & Szerb, 2007; D. Audretsch et al., 2002; Baumol et al.,
2007; Gilbert et al., 2004). Research implied that it is required to recognize the
innovation policy needs. This innovation policy can be found in four different
dimensions: Innovation policy objectives, designs, implementations, and impacts (Vlačić,
E., Dabić, M., & Aralica, Z., 2018). It was concluded that the government’s role is a
necessity in promoting entrepreneurship innovation in any region. The government has to
support the people in being entrepreneurs but this role should not exceed the limit and
turn from supporting into leading the movement (Feld, 2012; Fuerlinger et al., 2015).

Government Strategy
Government strategy is a roadmap that guides the direction of the public and private
sectors to achieve the vision of the state. The strategy objective is optimizing the
organizational strength and utilizing its resources to gain the required results
(Management Study Guide, n.d.-b). Isenberg (2011a) believes that “entrepreneurship
ecosystem strategy represents a novel and cost-effective strategy for stimulating
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economic prosperity. The entrepreneurship ecosystem strategy is evolving to address
some of the policy mistakes resulting from the way these strategies are conceived and
executed, including: Allocation of too low a public priority to entrepreneurship, lack of
clarity of entrepreneurship policy objectives, Inadvertent weakening of aspirational
entrepreneurship, unintended repulsion of providers of entrepreneurial finance, perverse
consequences piecemeal programs, such as education causing brain drain”.

Venture Friendly Legislation
This element is defined as the set of governmental regulations that control and rule the
ventures. Expediting the new value creation and demolishing the barriers can be achieved
by the simplicity and effectiveness of these regulations (E. Stam & Van de Ven, 2019).

Research Institutions
Research institutions and centers are established for the purpose of conducting research.
The outcome of these establishments should pour into the development of the
entrepreneurship ecosystem. The return on investment is one of the indicators of the
research institutions. (E. Stam & Van de Ven, 2019).

2.4.2 Finance
This perspective is defined as the “presence of financial means to invest in activities that
do not yet deliver financial means'' (E. Stam & Van de Ven, 2019). The financial support
is an important factor for the growth of start-ups. It is beneficial for entrepreneurs to have
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accessibility to different kinds of funding such as venture capital funds, crowdfunding,
angel investors and loans (E. Stam & Van de Ven, 2019). Start-ups (especially at their
early stages) require financial support to thrive and expand. Private equity with all its
types of funding is a major source of funding that can be found through channels such as
venture capital and angel investors. Private equity is a general term used to describe “all
kinds of funds that pool money from a group of investors in order to amass millions or
even billions of dollars that are then used to acquire stakes in companies” (A Beginner’s
Guide to Private Equity, 2013; J. Chen, 2020b). Ecosystems with less maturity in private
equity funding try to overcome that with governments’ initiatives. Governments provide
capital to close the financial gaps and enable entrepreneurs to survive and grow their
business (Fuerlinger et al., 2015). Although this governmental support is for the benefit
of the ecosystem, it could negatively affect the marketplace for venture financing. The
excessive support from governments may push the private equity investors away from the
market. Therefore, it is crucial to have a foundation for private investments and leave the
selection to the market (Fuerlinger et al., 2015; D. Isenberg, 2011a; D. J. Isenberg,
2010a).

Venture Capital Funds
Venture capital is a kind of financial support provided by investors to small businesses
with a potential of long-term growth (J. Chen, 2020a). The public sector has been one of
the active resources that support ecosystems, which started as a responsive act toward
market failure (R. Brown & Mason, 2014). Venture capital sources have been focal
38

points among the sources of the public sector (Colombo & Grilli, 2007; Cowling et al.,
2009; Lerner, 2010). In the last two decades, business angel networks have been
considered as agencies that enable entrepreneurs and investors to work together and find
their ideal match (R. Brown & Mason, 2017).

Angel Investors
Angel investors are individuals who invest their money in startups in exchange for equity.
Angel investors tend to support the startups at their early stages. They group themselves
into angel networks to share knowledge, information, and investment capital (McKaskill,
2009).

Public Funds
The governments’ financial support to entrepreneurs through grants, loans or investments
(Hayes, 2020; E. Stam & Van de Ven, 2019; F. C. Stam & Spigel, 2016). Governments
provide public grants to startups with two major motivations: first, the belief that the
startup’s solutions would help achieve the government’s goals. Second, the government
realizes that other funding options are not mature and available yet. For example,
supporting startups would result in creating more jobs, which is something the
government could be working on and need the cooperation from the private sector. The
startups might be working on providing technological solutions that would help the
overall digital transformation of the country (Startup Funding Book, n.d.).
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Taxation
The state of taxes such as personal income taxes, capital gains taxes and payroll taxes
(Elert et al., 2019). According to (Elert et al., 2019), the major suggested tax categories
that are related to entrepreneurship are as follows: labor, corporate, dividend, capital
gains, wealth, and stock options taxation.

2.4.3 Culture and Support
The perspective of culture can be defined as how the community within a region
understands, admires and reacts with entrepreneurship while the support aspect refers to
business incubators, accelerators, universities, and conferences (Fritsch & Wyrwich,
2014; E. Stam & Van de Ven, 2019). The culture and positive societal norms are critical
factors for the success of entrepreneurial ecosystems (D. Isenberg, 2011a).
Entrepreneurship ecosystems cannot grow in societies that do not value the
entrepreneurs’ contributions and view failure negatively (D. J. Isenberg, 2010b; R.
Brown & Mason, 2017; Mason & Brown, 2014). Some ecosystems offer attractive
environments for ambitious entrepreneurs and help in spreading ambition (Starr &
Saxenian, 1995). Entrepreneurship culture has been measured in different forms (Credit
et al., 2018). The prevalence of startups is one of the ways to measure the culture.
Another way is measuring how viable the career path of self-employed within the society.
Moreover, measuring how successful entrepreneurs are appreciated (E. Stam & Van de
Ven, 2019).
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Societal Norms
Societal norms are defined as the “Informal rules that govern behavior in groups and

societies” (Geertz, 1973). It has a noticeable influence on the entrepreneurs’ behaviors
toward entrepreneurship. Therefore, it has an effect in the entire ecosystem (Kreuzer et
al., 2018). People tend to fear the pressure of society and the risk of losing their prestige
if they fail in their business. This social risk is greater than financial risk and the risk of
losing time (Jammalamadaka & Bernstein, 1999). “Hence, there is a link between a
society's stigma of failure and the amount of entrepreneurial activity within it”
(Johansson, 2006). Countries with limited business failure tolerance such as many
European countries are attached to bankruptcy. “Those who fail and go bankrupt tend to
be considered as (losers) by their peers, and furthermore, it is a great challenge to
obtaining financing for a new venture, since investors are reluctant to invest in (failed
entrepreneurs) (Aho et al., 2006; EIT, 2012; European Commission, 1998, 2013) and
tend to avoid risks overall” (Fuerlinger et al., 2015).

Another example of societal norm’s status is in Singapore, where entrepreneurs are not
recognized with high social status and large firms are preferred career paths as perceived
by the community. As a result, non-Singaporeans are the founders of most startups in the
country (Davidsson, 1991). “There is a cumulative and reinforcing nature of low levels of
entrepreneurship in many ecosystems”(Venkataraman, 2004). Regions that perceive
entrepreneurship with positive norms have more entrepreneurs (Mason & Brown, 2014).
On the personality level: Self efficacy, proactiveness, and a tendency toward risk-taking
are the criteria affecting the entrepreneurial movement (Sánchez, 2011).
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Risk taking is part of societal norms and it is defined either as a “probability function or
as an individual disposition towards risk” (Rauch & Frese, 2007). The tendency of people
to take risks and start a business is determined by the risk-taking trait. The definition of
entrepreneurship contains risk taking as it involves working on opportunities with high
possibility of failure (Das & Teng, 1997). Risk taking is affecting entrepreneurship in two
different ways: direct linear relationships or curvilinear relationships (Stewart & Roth,
2004). “Entrepreneurial behavior has generally been related to moderate levels of risktaking propensity (curvilinear relationship) in the individual” (McClelland, 1961; Sexton
& Bowman, 1983). Researchers have shown that risk taking is a predictor of career path
(Busenitz, 1999; Busenitz & Barney, 1997). This can be observed when individuals
create startups and seek success in business. Research shows greater risk taking in
entrepreneurs than executives at firms (Begley & Boyd, 1987). Moreover, individuals
prefer to avoid risk-taking by joining existing businesses (Kolvereid, 1996).

In contrast to the previous studies, other researchers found that entrepreneurs do not tend
to take risks more than non-entrepreneurs (Low & MacMillan, 1988). However, risk
tolerance is what distinguishes between them. Business challenges are seen as less risky
by the entrepreneurs than non-entrepreneurs (Busenitz, 1999; Corman, J., Perles, B., &
Vancini, P., 1988; Palich & Ray Bagby, 1995). “In other words, entrepreneurs may not
think of themselves as more inclined to take risks than non-entrepreneurs, but they are
more predisposed to categorize situations of risk as positive” (Palich & Ray Bagby,
1995). Sánchez’s (2011) hypothesis is that “the higher the self-efficacy, proactiveness
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and risk taking with respect to self-employment, the stronger the students’ intention to
become self-employed” (Sánchez, 2011).

Another trait of societal norms is self-efficacy, which “refers to the conviction that one
can organize and execute actions effectively to produce the required results” (Bandura,
1997; C. C. Chen et al., 1998). The level of self-efficacy would determine whether
individuals have the self-confidence to take a route of uncertainty and high risk (Krueger
& Dickson, 1994). High level of self-efficacy is a required personal trait for
entrepreneurs to face the business difficulties (Bandura, 1986; Krueger & Dickson, 1994;
Waung, 1995).

A third trait is proactiveness, which means tending to take the initiative that would make
an impact on the surrounding medium (Bateman, T. S., & Crant, J. M., 1993). Taking
immediate actions, showing initiative, and working on the opportunities are all
personality traits of proactive people. Being proactive means predicting problems and
doing what could be done to prevent the occurrence of the problem. It also means
showing patience and persistence in tackling issues (Sánchez, 2011). Proactiveness is an
essential element for practicing entrepreneurship along with other elements such as
perseverance, adaptability, taking the responsibility in success and failure (Covin &
Slevin, 1989). Hunting for opportunities in the external environment is what distinguishes
proactive people from non-productive individuals (Lumpkin & Dess, 1996; Stevenson &
Carlos Jarillo, 2007). Studies have confirmed the association between proactive
43

personality and entrepreneurial behavior (Becherer, R. C., & Mauer, J. G., 1999; Jennings
et al., 1994). This association has been also found within the entrepreneurial orientation
and entrepreneurial development context (P. J. Brown, 1996; Junehed & Davidsson,
1998, June; Naman & Slevin, 1993; Sánchez, 2011).

Incubators and Accelerators
Incubators are organizations that “assist emerging ventures by providing support services
and assistance in developing their business” (Grimaldi & Grandi, 2005). Incubators exist
to link technology, capital, and the knowledge to empower talents and the growth of
startups. Incubators provide a variety of services to support startups and enable
entrepreneurs to grow in a competitive environment. Creating business plans, building
teams, obtaining funds, providing workspaces, and other business services are all services
offered by incubators. Incubators support entrepreneurs at their very early stages of
creating business ideas until they make it ready for investment (Grimaldi & Grandi,
2005). On the other hand, there are “accelerators” that have a more focused goal of
expediting the growth of existing startups. Accelerators are organizations that support
startups through coaching, funding, mentoring, and providing workspace (Clarysse et al.,
2016; P. Miller & Bound, 2011). The accelerators have been rapidly growing during the
recent years. More academic research started to be conducted about this type of
entrepreneurial infrastructure after it was ignored by researchers (Clarysse et al., 2016).
Many growth-oriented startups have been expanding within their ecosystems benefiting
from the accelerators’ programs. “In addition, in some ecosystems, major corporate firms
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are beginning to operate corporate accelerator programs as a way of seeding new
innovative firms” (B. Becker & Gassmann, 2006; R. Brown & Mason, 2017).

Universities
Transferring the existing knowledge and developing new knowledge through research are
the traditional roles of universities (Lombardi, Massaro, Dumay, & Nappo, 2019)
(Philpott et al., 2011). However, the entrepreneurial universities have an additional major
role in the evolution of entrepreneurial ecosystems (Guerrero et al., 2014; Guerrero &
Urbano, 2014). Universities are the main source of knowledge creation that support the
ecosystem growth (Cantner et al., 2020). Moreover, universities play an essential role in
transferring knowledge (Colombelli et al., 2016; Mack & Mayer, 2016). Entrepreneurship
and business departments have an important role in spreading awareness and
entrepreneurial spirit within their universities (Egeln J, Michael D, Andreas K, Dagmar S,
Holger B-T, Helmut F, Helmut G, Sandra G, Romy H, Daniel H, Kathrin M, Christian R,
Julia S, Franziska S, 2010). Creating a culture that encourages entrepreneurship and
offering accessible services to students would help in supporting economic growth
(Roberts & Eesley, 2011; Fuerlinger et al., 2015). Promoting entrepreneurship education
among young students would encourage more youth to be entrepreneurs (Franke N, 2002;
Fuerlinger et al., 2015).
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Digitalization
Digitalization is one of the newest change agents of the entrepreneurial ecosystems’
qualities. It is defined as the process of converting sets of analog information into digital
bits (Brennen & Kreiss, 2016). In other ways, digitalization is defined as simplifying an
existing working process and increasing its efficiency (What Is Digital Transformation?,
n.d.). The dynamics of business have been changing with digital transformation.
European and American firms have started to recognize the business changes in China as
a result of digitalization (Prud’homme et al., 2020). As digitalization increases,
opportunities are being created and companies must be aware to leverage customer
relationships and expand their sales (Weill, 2015). Autonomous digital processes, instant
feedback, and accurate customers’ demands can all be obtained by digitalization
(Dedehayir et al., 2018). Based on MIT Center of Information Systems Research, 32% of
companies’ revenue will be threatened by digital disruption (Weill, 2015).

2.4.4 Human Capital
The human capital perspective refers to the factors related to the ability of individuals to
be entrepreneurs. It can be measured through individual skills, training, academic
background, and business experience. Inspired by Becker (2009), Unger (2011) defines
human capital as “the knowledge and skills acquired through schooling, on-the-jobtraining and other types of experiences'' (Østergaard & Marinova, 2018). Isenberg’s
definition of the human capital perspective combines both the labors and education.
Isenberg’s entrepreneurship ecosystem suggests studying the human capital perspective
for five reasons. “It gives a holistic understanding; shifts the unit of analysis from firm
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towards the entirety of the actual ecosystem; it is linked to the ‘economic gardening’
approach in a specific environment; de-emphasises the importance of firm-size, and
emphasizes firm growth and the need for it to be actively fostered” (Mason & Brown,
2014; Østergaard & Marinova, 2018). The literature review shows how essential is the
human factor to entrepreneurial success (Østergaard & Marinova, 2018).

Individual Skills
This element is defined as the set of individual business and leadership skills that enable
entrepreneurs to succeed in starting a business. According to Isenberg (2011a), the human
capital factor can be explained as “labors: skilled and unskilled, serial entrepreneurs and
later generation families; and as educational institutions: general degrees (professional
and academic) and specific entrepreneurial training” (Østergaard & Marinova, 2018).
Suresh and Ramraj (2012) suggested that skilled individuals can boost entrepreneurial
growth.
Training
The training factor can be explained as the available programs within the public and
private sector that provide individuals with the set of business skills. Isenberg (2011a)
provides a group of intangible skills that can be obtained by training.

Academic Background
This factor refers to the higher level of educational background that individuals have
when they start their business. Formal education enables individuals to develop the
mindsets and gain the knowledge that help them analyze the market and hunt
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opportunities. This education is valuable regardless if it was science-based or general
business education, it builds learning attitudes and opens new horizons for innovative
projects (Grant, 1996; Shane, 2009). Meta-analysis shows that entrepreneurship
performance is influenced by formal education (Van der Sluis et al., 2005). Thus,
entrepreneurs with higher levels of education have a greater chance of surviving in
business (Baptista et al., 2007).

Business Experience
Business experience refers to the cumulative years of experiences and challenges that
individuals passed through. The productivity of entrepreneurs can be improved by having
the work experience, leadership experience, and industry experience. Start-ups with a
greater human capital can comprehend the market faster and have less uncertainty.
Having experience in a specific industry and then launching a startup in the same industry
optimize the experience usefulness (Baptista et al., 2007).

2.4.5 Market
The literature defines market in its simplest form as the medium where two or more
parties get engaged in an economic transaction (Kenton, 2021b). In previous research, the
market perspective was illustrated by breaking it down to market size, entrepreneurial
network, early adopters, distribution channels (Mason & Brown, 2014).
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Market Size
Market size is defined as the number of potential buyers in a specific market segment
(Zhuo, 2017). Research shows that the desire to become an entrepreneur increases
respectively with the increase in the population density, which means a larger market
size. A 10% increase in the population density results in a 1% increase in the share of
people who would like to become entrepreneurs (Sato et al., 2012). Sizing the market is
an important early step for startups especially if the startup is seeking financing from VCs
or angel investors. Investors are willing to invest in a large market with at least ($1
billion) (Estimating Market Size, 2009; Matsuyama, 1992).

Entrepreneurial Network
The relationships that are formed based on entrepreneurial activities (Chiesi, 2018).
Lambrecht (2011) defines entrepreneurial networks as “organized systems of
relationships with customers, suppliers, and other entrepreneurs, with relatives, external
consultants and other agents, or potential partners”. Many owners of startups earn their
experiences and develop networks from larger firms they were working at before running
their own new business or during running the new business (Young et al., 1994).
Entrepreneurs can utilize their professional networks to overcome the limited resources they
have (Zimmer, 1986).

Early Adopters
Individuals or businesses who seek to obtain new products first in the market despite the
high risk and cost (Kenton, 2021a). Having knowledge about early adopters helps
49

startups develop innovative solutions. By understanding this segment of the customers,
startups would be able to better predict what kind of products are needed in the market
(Reinhardt & Gurtner, 2015).

Distribution Channels
A distribution channel is defined as “a chain of businesses or intermediaries through
which a good or service passes until it reaches the final buyer or the end consumer.
Distribution channels can include wholesalers, retailers, distributors, and even the
Internet” (Fernando, 2021).
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3.0 Research Gaps, Objectives, and Questions
This literature review has led to the research gaps, objectives and questions summarized
in figure 7.
3.1 Research Gaps
The analysis of the literature review shows that the study of the entrepreneurship
ecosystem is at early stages. Furthermore, it indicates the lack of research in this
discipline. The literature review and the gap analysis led to the following research gaps:
● There is limited research about structured assessment methods to evaluate
entrepreneurship ecosystems.
● There is limited research about evaluating the challenges within entrepreneurship
ecosystems under different perspectives.
● There is limited research that defines the critical factors in growing
Entrepreneurial Ecosystems.

3.2 Research Objectives
“If you cannot measure it, you cannot improve it”. This is one of the well-known
concepts in the performance management field. The first step toward improving a
process, system or organization is to measure the current level of its performance.
However, evaluation may be a very critical part for many organizations. It is hard to
determine the relevant and reasonable metrics to measure the desired target. In other
cases, there is not enough research that has been done to develop such a model for the
entrepreneurial ecosystems.
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The main research objective is to introduce a universal assessment model that can be
adopted in different cities for implementing an effective entrepreneurial ecosystem. This
would be achieved by:
● Developing a multi-level criteria evaluation framework.
● Providing recommendations for improvement based on value /desirability curves.

3.3 Research Questions
Based on the research gaps and objectives, there are three main research questions that
will be addressed in the research.
1- What are the main factors influencing the entrepreneurship ecosystems?
2- What are the weights of the factors influencing the implementation of an effective
ecosystem?
3- Does the introduced method provide a practical process to evaluate entrepreneurial
ecosystems in different regions?

Figure 7 - Research Gaps, Objectives, and Questions.
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4.0 Research Methodology
Hierarchical Decision Model (HDM) is the proposed methodology to assess and evaluate
the entrepreneurial ecosystems. The structure of this methodology includes four different
levels: Objective, perspectives, criteria, and alternatives (El-Wahed & Al-Hindi, 1998). It
was developed from the Analytic Hierarchical Process (AHP), which is a process that relies
on pairwise comparisons conducted by a panel of experts. These comparisons are done
between different criteria and sub-criteria of an alternative that would achieve the objective
of the model (Saaty, 2008). AHP is a very well-known and widely used method that
depends on multiple criteria (Vaidya & Kumar, 2006). This methodology covers subjective
and objective measures that lead to presenting mechanisms that reduce the possible bias in
decision making. For complex decisions, the main goal must be divided into criteria and
sub-criteria. This allows decision makers to consider the different perspectives of any
complex decision. Thomas L. Saaty created this method to be used as a practical practice
for complex decisions (Forman & Gass, 2001). It is a simple but powerful tool, which
motivates many decision makers and researchers to use (Forman & Gass, 2001).

Inspired by AHP, HDM was introduced by Kocaoglu in the early 1980s (Barham 2019;
Hogaboam 2018; Kocaoglu 1983) “The HDM is one of the most distinct methods for
subjective approaches to help decision makers quantify and incorporate quantitative
and qualitative judgments into a complex problem” (Daim, 2016). The main concept
of HDM is similar to AHP introduced earlier by Saaty (1977). However, its computational
approach is the Constant-Sum calculations rather than the Eigenvectors (Barham, 2019).
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HDM suggests dividing decision criteria into multi-level hierarchy referred to as mission,
objectives, goals, strategies, and actions. These levels are known as MOGSA as shown in
figure 8 This model was then presented in a modified frame by a variety of researchers
including mission, objectives, goals and alternatives reducing the levels from five into four
levels (Barham 2019; Hogaboam 2018; Daim 2016; Gibson 2016; Abotah 2014; Phan
2013; Chen and Kocaoglu 2008; Kocaoglu 1983; Cleland and Kocaoglu 1981).

Figure 8 - Example of MOGSA (Kocaoglu, 1983)
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Constant Sum Method
The constant sum method is applied as part of the HDM to collect expert’s quantifications
and evaluations of all the hierarchy’s criteria and alternatives. Subject-matter experts are
asked to quantify the model by conducting pairwise comparisons between every two
elements at the same level. For (n) number of elements, the experts will randomly compare
n (n - l)/2 pairs. This comparison is conducted by distributing 100 points between the two
compared elements. More points are given to the element of higher importance. Thus the
elements with more points have higher priority. After that, these expert judgments will be
accumulated to generate weights with a total of 1 for each level in the hierarchy. Lastly,
experts will conduct another pairwise comparison between the alternatives with respect to
each criterion in the model. At this point, each element in the model will have a local weight
within its category and a global weight with respect to all the elements in the model. This
will provide a final score for each alternative and the highest score reflects the best decision
(Barham, 2019).

4.1 HDM Strengths
The strengths of HDM can be summarized as follow (Barham, 2019; Karthikeyan et al.,
n.d.):
● It is a straightforward and practical method that can be explained to the nonacademic community.
● It does not require a set of collected data and information.
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● It can simplify complex issues and be a supportive decision tool especially when
having multiple perspectives and criteria to consider.
● It has been used previously in many technology management fields such as
technology assessment, decision making, and strategic planning (Hogaboam 2018;
Estep 2017; Gibson 2016; Phan 2013; Chen and Kocaoglu 2008; Tran and Daim
2008; Kocaoglu 1983).
● It is a powerful method that can generate quantitative data out of collecting experts’
subjective judgements. These quantitative data can then be analyzed effectively.
● The diverse thoughts and opinions of experts can be compiled into meaningful
decisions.
● In the HDM process, experts are not influenced by the live and direct peer pressure
as every expert in the panel will quantify the model separately.
● In case of taking a group decision, some individuals feel hesitant to participate for
various reasons and they could end up not contributing. HDM can assure that
everyone contributes to the decision.
● It can be done virtually.
● HDM can present reliable results as expert’s judgments are tested for disagreement
and inconsistency.
● HDM can best be tested for sensitivity for changes, which is something very
important to consider.
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4.2 HDM Limitations
The limitations of HDM can be summarized as follow (Barham, 2019; Karthikeyan et al.,
n.d.):
● Emotions can influence the evaluation process and thus the results.
● HDM is based on experts' judgment and bias (either personal or from surrounding
factors) can affect the process. However, bias could be mitigated by the careful and
diverse selection of experts. Having experts from different backgrounds and
gathering their judgements separately would all help mitigating this limitation.
● Inconsistent judgments could occur by the experts especially if the model is
complex and involves many criteria. However, this can be mitigated by the careful
selection of experts and by using equations to detect inconsistencies then address
it.
● Another similar issue related to expert judgements is having wide disagreement
between the experts. This can also be mitigated by the careful selection of experts
and by using equations to detect disagreement then address it.
● Finding experts who are suitable for the research and have the desire to participate
is a challenging task. Mitigation action can be done by assuring the selection of
experts who are passionate about the research topic and might be interested in the
final results of the model.
● The high number of pairwise comparisons might influence the model negatively
considering that experts might lose focus or get bored quantifying too many criteria
in the model. A mitigation for this limitation is making sure there are a reasonable
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number of criteria under each perspective. The selection of experts can also play a
positive role in resolving this issue.
● Lacking flexibility toward conditions changes. The model can be misleading if the
perspectives or criteria get impacted by time. Applying sensitivity analysis reveals
how flexible is the model to change. If a factor with high sensitivity gets changed,
then the pairwise comparison needs to be reconducted (Hogaboam 2018; Estep
2017; Gibson 2016; Abotah 2014; Lima Junior et al. 2014; Phan 2013; Tran and
Daim 2008).

4.3 Methodology justification and comparison
For the desired research topic (Developing an Assessment Model for Entrepreneurship
Ecosystems). It is important to select a methodology that can encompass all the
perspectives of the ecosystem, a methodology that can simplify complex topics.
Previously, HDM was selected because the structure of this methodology is very similar to
the entrepreneurial ecosystem model, where there are different domains (perspectives) and
elements (criteria) within each domain. Moreover, experts implied that it is very difficult
to get the required data to conduct a quantitative research method and they have agreed
that this method (HDM) would suit the purpose of this research.
It is important to assure that the selected method meets the requirements of answering the
research questions. More criteria are taken into consideration for justifying the choice of
method. For this research, the selected method should have the following:
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● It has to be a multi criteria decision making method because the research topic
(Assessing Entrepreneurial Ecosystems) includes many elements (criteria) under
each domain (perspective).
● An assessment model should provide the government -or whomever is conducting
the assessment- with evaluations of each one of the perspectives and criteria to be
able to improve the weakness areas and emphasize on getting value from the strong
areas.
● It is important to have a simple method that can be used by practitioners in the
entrepreneurship field.
● The method should be able to collect diverse thoughts and opinions from experts
all around the world. Thus, it is necessary to be virtual as it is very difficult to bring
all the needed experts to one physical place.

By exploring the strengths and weaknesses of HDM and elaborating into comparing the
strengths and weaknesses of the other multi-criteria decision-making methods, it can be
concluded that HDM is the ideal option for such research objectives and questions. All the
required attributes of the suggested research method are fulfilled by HDM based on the
methodology literature review.

4.4 Summary of HDM features
● It is a multi-criteria decision-making method (MCDM).
● It can simplify complex issues and present it within a clear format.
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● It provides weights for each perspective and criteria and an overall score.
● It includes desirability curves to determine the desired outcome in each criterion.
● It is simple for the end users who are usually practitioners and not academics.
● It collects experts’ judgments (anonymously) and transfers them to quantitative
metrics that could be compared easily.
● Its sensitivity analysis is an indicator to know when the model needs to be updated.

4.5 Comparison between multi criteria decision making approaches
Technique for Order of Preference by Similarity (TOPSIS)
TOPSIS is a multi-criteria decision-making method that was introduced by Yoon and
Hwang. This method is formed based on the concept of positive ideal solutions (PIS) and
negative ideal solutions (NIS) (Opricovic & Tzeng, 2004; Rahim, Supiyandi, et al., 2018;
Rasim et al., 2017). The sum of all the best values that can be obtained for each criterion
is the positive ideal solution. On the other hand, the sum of all the worst solutions can be
obtained by each criterion is the negative ideal solution (Rahim, Siahaan, et al., 2018). In
TOPSIS, the alternative with the shortest distance from the ideal solution and the farthest
from the negative solution will be selected as the top and preferable alternative (Barham,
2019). These distances are determined by a mathematical aggregation function (S.-J. Chen
& Hwang, 1992; Lima Junior et al., 2014; Opricovic & Tzeng, 2004; Puthanpura et al.,
2018).
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Preference

Ranking

Organization

Method

for

Enrichment

Evaluations

(PROMETHEE)
This multi-criteria decision method is focused on ranking alternatives based on the
assumption that the weights for the hierarchy were already set. Brans introduced this
methodology in the early 1980s (Brans et al., 1986). At that time, this version of
PROMETHEE was designed to present only the best alternative depending on the positive
and negative flows. In later stages, it was modified by Brans and Vincke (1985) to provide
the ranking of all options based on multi-criteria net flow. This method provides a
framework to identify and evaluate decision problems, highlighting the main alternatives
and providing a comprehensive view to support decision makers doing their role.
PROMETHEE is widely used in the business, government, transportation, healthcare and
education fields (Balali et al., 2014; Barham, 2019; Brans et al., 1986; Brans & De Smet,
2016; D. L. Olson, 2001).

Analytical Hierarchical Process (AHP)
The Analytical Hierarchical Process’s (AHP) main concept is based on developing
hierarchy and pairwise comparison between the alternatives and the criteria (Grady et al.,
2015; Unutmaz Durmuşoğlu, 2018; Wind & Saaty, 1980). Pairwise comparison allows
decision makers to consider all the different factors involved in the decision-making
process. AHP can increase the participation and the engagement of individuals in the
process of decision making (Balali et al., 2014). It is a powerful tool for assessing
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complicated multi criteria alternatives, especially those based on subjective judgments
(Huang et al., 2008). AHP breaks down the complex problems into a three-level
hierarchical structure that includes: objective, criteria, and alternatives (Balali et al., 2014).
AHP has been heavily used in the process of project selection to optimize the final decision.
Among the multi criteria decision making (MCDM) methods, AHP is one of the most
popular methods mainly because of its simplicity (Karasakal & Aker, 2017; H. Martin &
Daim, 2012).

Analytic Network Process (ANP)
The analytical network process (ANP) method was introduced by Saaty as an extension
from (AHP) (Saaty, 2013). It eliminates the need for structured hierarchy in the decision
elements, which enable the formulation of more complex problems. Dependency and
bidirectional flow are allowed in ANP, while AHP presents the elements independently
within a single direction hierarchy. The use of ANP is limited compared to other MCDM
methods (Iskin, 2014).

Elimination and Choice Expressing Reality (ELECTRE)
ELECTRE is a family of methods that was introduced by B. Roy back in (1966) with the
purpose of enriching the MCDM methods. This multi-criteria decision-making method
relies on the decision alternatives’ relationship. The focus of ELECTRE is on the
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alternatives rather than the attributes. This methodology can adapt to the changes over the
number of criteria or the weights of the criteria (Iskin, 2014). The structure of these
methods usually includes an objective with many criteria and alternatives along with
quantitative data (Özcan et al., 2011). Shortly after the successful applications of
ELECTRE I in variety of fields, two other versions were introduced and referred to as
ELECTRE-Iv and ELECTRE-IS (Yu et al., 2018). ELECTRE-Iv focused on the
consideration of veto threshold, while ELECTRE-IS was useful for resolving the issue of
having imperfect data. However, these versions were not usable for ranking alternatives.
The accumulations of these efforts have led to the introduction of ELECTRE-II and then
ELECTRE-III which offer alternative ranking (Yu et al., 2018). ELECTRE methods have
been widely used within areas such as the renewable energy assessment (Beccali et al.,
2003; Burton & Hubacek, 2007; Georgopoulou et al., 1997, 1998; Haralambopoulos &
Polatidis, 2003), energy management measures (Blondeau et al., 2002; Flourentzou &
Roulet, 2002; Neves et al., 2008), environmental planning (Beccali et al., 1998; Capros et
al., 1988; Hobbs & Meier, 1994; Hokkanen & Salminen, 1997).

Multi-Attribute Utility Theory (MAUT)
The multi-attribute utility theory (MAUT) is a multi-criteria decision-making method that
was developed by Keeney and Raiffa (Fishburn et al., 1977; Iskin, 2014). This method can
collect and introduce the preferences of decision makers by utility functions. These
functions are defined for all the decision attributes in a model. Multi-attributes or single63

attribute utility functions are used to determine the utility values for decision alternatives.
Utility functions enable MAUT to manage the uncertainties through including risk
preferences within the decision model. The practical use of utility functions is one of its
benefits. These utility functions enable decision makers to generate desirability values
related to the alternative’s performances (Iskin, 2014). Some applications of MAUT have
been found in the energy field. Some examples of projects are the expansion of electric
power systems (Pan & Rahman, 1998; Voropai & Ivanova, 2002), selection of energy
sources (Ahmed & Husseiny, 1978), and impact evaluation of the electric utility on the
environment (Iskin, 2014; McDaniels, 1996; Rubin & McMichael, 1978).

Maximin, Minimax, Maximax Methods
These methods are mostly used during uncertainty and when considering too many
potential outcomes. They are beneficial methods for strategies development especially
when decision makers face high risks. These methods have been utilized in renewable
energy (Wang et al., 2009) and assessment of environmental and public policy risks (Iskin,
2014; Russell & Gruber, 1987; Slovic, 1987). The maximax method can support the
process of developing strategies with selecting the optimum alternative that would achieve
the maximum return. This method can help when there is only one decision variable. The
minimax method is mostly beneficial in case of having too many possible outcomes and
uncertainty (Iskin, 2014).
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Decision trees and influence diagrams
The decision tree is a decision method that provides probabilities, which lead to the best
action to take. The decisions in this tool are presented as branches and these branches show
the sequences of choices that would occur when taking a specific choice. Similar to other
multi-criteria decision-making methods, this method can simplify complicated decision
problems and present it in a simpler format. However, this method is not recommended for
decision problems with multiple decision criteria because the model gets more complicated
as the criteria increase (Iskin, 2014). Decision trees and influence diagrams have been
applied to different fields and projects such as creating security assessment of power
systems (Boyen & Wehenkel, 1999; Wehenkel & Pavella, 1993) assessment of energy
policies (Hämäläinen & Karjalainen, 1992), and power system design (Samantaray &
Dash, 2011).

Fuzzy Cognitive Maps (FCM)
The fuzzy cognitive maps (FCM) method was introduced by Robert Axelrod (1976) in the
1970s as a method to represent social science. FCMs represent causal reasoning through
fuzzy graphs. This fuzziness “allows hazy degrees of causality between hazy causal objects
(concepts). Their graph structure allows systematic causal propagation, in particular
forward and backward chaining, and it allows knowledge bases to be grown by connecting
different FCMs.” (Kosko, 1986). FCM combines both qualitative and quantitative
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approaches, which many other methods do not afford. It can mitigate the limitations of
experts’ opinions by including a variety of sources (Jetter & Kok, 2014).

Delphi Method
Delphi follows structured, repetitive, and chronological approaches to reach consensus
among groups of experts. When conducting Delphi, the researcher collects the experts’
answers and justifications for their answers in multiple rounds. In every single round, the
experts’ answers should be recorded so it can be anonymously shared with the whole group.
Later, the experts review their answers after reading the justifications of the other experts.
This process is repeated to the point when requirements are fulfilled. That could mean
meeting a specific number of rounds or any other determined criteria (Okoli & Pawlowski,
2004; Tran & Daim, 2008).

Table 7 presents some of the strengths and weaknesses of the identified multi-criteria
decision-making methods.

Table 7 - Summary of Strengths and Weaknesses of Multi-Criteria Decision-Making Methods.

Method
Technique for Order
of Preference by
Similarity (TOPSIS)

Strengths

Weaknesses

- It can present
meaningful decisions
out of diverse experts'
thoughts.
- It can achieve
consensus between
experts.
- It uses mathematical
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-The weights of the
criteria do not have a
constructed approach.
- It does not state the
reasons or criteria of
why an alternative is
closer to the optimum
solution.

References
(Barham, 2019;
Bhutia &
Phipon, 2012;
Mahmoodzade
h et al., 2007;
Puthanpura et
al., 2018)

equations instead of
questionnaires to
aggregate experts'
judgments.
- Less pairwise
comparison in
comparison to AHP and
HDM.
- Unlimited number of
criteria.

- The relative
importance of the
distances is not taken
into consideration in
this method.

Preference Ranking
Organization Method
for Enrichment
Evaluations
(PROMETHEE)

-It needs less
involvement from the
decision maker.
- It is simple.

-The weights of the
criteria do not have a
constructed approach.
- Quantifying one
alternative at a time
does not provide the
expected advantage
from such a method.
- It shows only the best
alternative without
ranking the rest of the
alternatives.
- It does not link the
best alternative to its
criteria that influenced
it.

(Barham, 2019;
Kilic et al.,
2015; Shukla et
al., 2016)

Analytical
Hierarchical Process
(AHP)

-Straightforward and
easy to explain and use.
- It does not require a
set of collected data.
- It can simplify
complex issues,
- It has been used in
many fields.
- It can present
meaningful decisions
out of diverse experts'
thoughts.
- It can generate
quantitative data out of
experts’ judgments.
- It can be done
virtually.

-The 9 points scoring
makes AHP harder to
use by experts, which
could lead to inaccurate
judgements.
-Time consuming with
too many decision
alternatives or criteria.
- Emotions can
influence the evaluation
process and the results.
- Lacking flexibility
toward conditions
changes.

(Barham 2019;
Hogaboam
2018; Estep
2017;
Majumdar et al.
2017; Iskin
2014; Phan
2013; Chen and
Kocaoglu
2008; Tran and
Daim 2008;
Kocaoglu
1983)
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Analytic Network
Process (ANP)

- More generalized.
- Similar to AHP
strengths (mentioned
above).

- Complex compared to
other methods.
- No added advantage
compared to AHP or
HDM if elements are
independent.

(Barham, 2019;
Shieh et al.,
2015)

Elimination and
Choice Expressing
Reality (ELECTRE)

- It can be useful in
high uncertainty levels.
- It can maintain
variations in the
number of criteria and
the relative weights of
the criteria.

- It is a hazy method
and not easy to read its
results.
- It does not rank the
decision alternatives.

(Georgopoulou
et al., 1997;
Haralambopoul
os & Polatidis,
2003; Iskin,
2014; Wang et
al., 2009)

- It is difficult for
decision makers to
know their risk
preferences.
- The utility function
phase is costly and time
consuming.
- It is difficult to set
scenarios and
desirability values when
dealing with qualitative
decision attributes.

(Iskin, 2014;
Pan & Rahman,
1998; Voropai
& Ivanova,
2002)

Multi-Attribute Utility -The utility functions
Theory (MAUT)
enable this method to
manage the
uncertainties through
including risk
preferences within the
decision model.
-The practical use of
utility functions is one
of its benefits.
- These utility functions
enable decision makers
to generate desirability
values related to the
alternative’s
performances.

Maximin, Minimax, -Very useful when there - Not suitable for multiMaximax Methods
are too many outcomes variable decision
to consider.
problems.
- Very useful in an
uncertain environment
and high-level risks.
-Simple method.

(Iskin, 2014;
Russell &
Gruber, 1987;
Slovic, 1987;
Wang et al.,
2009)

Decision trees and
influence diagrams

(Iskin, 2014)

- Simple and applicable. - Increasing the number
- Can be useful even
of decision variables
with lack of data.
makes it more complex.
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- It can easily be
combined with other
methods.

- Not very useful when
having multiple
decision criteria.

Fuzzy Cognitive Maps
(FCM)

- Enable decision
making under
uncertainty and limited
information.
- Beneficial for
designing dynamic
systems.
- It can explain the
correlations within the
system’s elements.

- It is a complex
method as its graphical
representation hard to
read by non-academics
- It does not count for
inconsistency and
disagreement.

(Barham, 2019;
Iakovidis &
Papageorgiou,
2011; Jetter &
Sperry, 2013;
Kosko, 1986;
Siraj et al.,
2001)

Delphi Method

- It can present
meaningful decisions
out of diverse experts'
thoughts.
- I can achieve
consensus among
experts.
- It can be done
virtually.

- Long response time
and high probability of
experts drop out.
- Requires high
technical writing skills,
which is not available
with all experts
- There are no specific
criteria of acceptable
level of consensus.
- Not practical for
making decisions in
multiple cases across
different times.

(Barham, 2019;
El-Gazzar et
al., 2016;
Kache &
Seuring, 2017)

4.6 Forming Experts Panels
As a qualitative method, HDM inputs come from subject matter experts that are created
by the researcher. In this process, a set of critical issues are identified clearly so it can be
mitigated:
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● Finding enough subject matter expats who have the knowledge about the topic and
are willing to participate in the research. Not all experts are interested in joining
academic works.
● The delay that could occur when waiting for experts to respond for confirming their
participation, asking for clarifications, or quantifying the model.
● Finding a diverse group of experts who come from different backgrounds. This
means a variety of academic, business, ethnic, and geographic backgrounds.
● Biases from experts can affect the reliability of the model. Bias can be minimized
by selecting a balanced group, which will increase the reliability of the results.
● Bias from the researcher in selecting experts within his own circle who might have
similar thoughts. The researcher can ask other experts and the research committee
for help in finding a diverse group.

4.7 Experts Inconsistencies
Inconsistency within the pairwise comparison can be defined as “a slight or gross,
deliberate or unintentional error in the elicited pairwise judgment related to the rank order
and mutual preference proportionality of alternatives” (Abbas, 2016). Estep (2017),
defined inconsistency as “disagreement within an individual’s evaluation”. This concept
can be explained simply by the following example. An expert was asked to evaluate and
compare items A, B and C. The expert evaluated A to be more important than B (A>B), B
more important than C (B>C). Then the consistent and logical third comparison should be
that A is more important than C (A>C). However, if the expert chose C to be more
important than A (C>A). This means that his/her judgment is not consistent anymore.
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Ordinal consistency assures maintaining the order of preferences but does not consider the
strength of the conducted comparisons (Estep, 2017).

On the other hand, “cardinal consistency” requires that the preference proportion is
maintained (Barham, 2019). An example of cardinal inconsistency is as follows. An expert
is evaluating and comparing item A, B and C. The expert evaluated A to be twice more
important than B, and B is three times more important than C. Then the consistent and
logical third comparison should be that A is six times more important than C. Any other
judgment means that the expert has not followed the cardinal consistency. It can be
concluded that if the expert judgment included ordinal inconsistency, it would also include
cardinal inconsistency. However, the opposite is not necessarily applicable (Barham,
2019).

It is expected that subject matter experts would have some inconsistent judgments
considering the number of pairwise comparisons they would have to evaluate. What can
be done is mitigating this issue by measuring inconsistency and ensuring it does not exceed
the acceptable threshold. Following this mitigation process would provide a higher validity
of the judgements results (2016; Aguarón & Moreno-Jiménez, 2003; Alonso & Teresa
Lamata, 2006; Estep, 2017; Koczkodaj, 1993; Lingga, 2016; Saaty, 2008).
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Inconsistency Measurement in HDM
Inconsistency can be measured in HDM by calculating the sum of the standard deviations.
A vector of relative values r1, r2, …, rn for every n! Can be found by the constant sum
calculations of (n) elements. The orientation of these elements is represented by the vector.
For illustration, if three elements are being compared, n is equal to 3, and 3! = 6. Then there
will be six different orientations as follows: ABC, ACB, BAC, BCA, CAB, and CBA. Each
one of these orientations should result with the same relative values if the expert was
consistent. However, different relative values will be shown if the expert was inconsistent.
Thus calculating the variance of relative values measures inconsistency. (Abbas, 2016;
Barham, 2019; Chang, 2013; Estep, 2017; Phan, 2013; Sheikh, 2013).

A summary of the equations to measure inconsistency was prepared by Phan (2013):

Let
𝑟!" = relative value of the 𝑖 #$ element in the 𝑗#$ orientation for an expert
𝑟! = mean relative value of the 𝑖 #$ element for that expert

Equation 1
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The second equation shows the population standard deviation as follows:

Equation 2

For i = 1, 2,,n

The third equation shows the mean standard deviation of n elements as follows:

Equation 3

Another approach of measuring inconsistency is by using the Root Sum of the Variance
(RSV), which was introduced by Abbas (2016). It was argued by Abbas (2016) that the
inconsistency threshold depends on how sensitive and critical the decision-making problem
is. However, it was suggested by Kocaoglu that an inconsistency up to (0.10) is acceptable
for any n value. This rule has been set based on previous work by Saaty (1977).

An expert’s consistency over the threshold (0.1) is a red flag in the model. The researcher
in this case must either cancel the expert’s results or ask him/her to redo the evaluation.
Further communication needs to be conducted with the expert to assure the clarity of the
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model and the definitions of each evaluated perspective and criteria. After that, the expert
can redo the model. If the inconsistency decreases below (0.1), then it can be accepted.
Otherwise, the expert’s judgment should be removed. (Abbas, 2016; Barham, 2019; Estep,
2017; Iskin, 2014)

4.8 Experts disagreements
Disagreement is expected due to the variety in experts’ experiences and backgrounds
(Estep, 2017; Reiss, 2020). The clarity of the model could be another cause of such
disagreement (Estep, 2017). Hammond (1996) discussed three main reasons for the
occurrence of disagreement that can be summarized as follow:
● Incompetence: Some experts may lack the required qualifications, knowledge, or
experience to evaluate the model.
● Venality: Some experts might be biased toward their own interests rather than
providing an honest judgment. They might also be influenced by the interests of an
organization, company, or institution they are part of
● Ideology: The political, religious, or cultural ideologies might influence the
experts’ judgments.

Based on Mumpower and Stewart (1996) work, Barham (2019) summarized further
reasons for the occurrence of disagreement even when having competent and disinterested
experts. These reasons are: Different ways of thinking, poor feedback, poor data, or false
agreement.
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Disagreement can be calculated using a statistical method called Intraclass Correlation
Coefficient (ICC). The calculations of this method are explained in the following steps:

Let
𝑀𝑆%& : Mean square between experts.
𝑆𝑆%& : Sum of square between experts.
𝑑𝑓%& : Degree of freedom between experts.
𝑀𝑆%' : Mean square between decision elements.
𝑆𝑆%' : Sum of square between decision elements.
𝑑𝑓%' : Degree of freedom between decision elements.
𝑀𝑆()* : Mean square residual.
𝑆𝑆()* : Sum of square residual.
𝑑𝑓()* : Degree of freedom residual.
k: Number of experts.
n: Number of decision elements.
ICC can be calculated using the following equation:

Equation 4
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Where
𝑀𝑆%& =

''!"

Equation 4.1

+,!"

Equation 4.2

𝑑𝑓%& = 𝑘 −

Equation 4.3

''

𝑀𝑆%' = +,!#

Equation 4.4

!#

Equation 4.5

𝑑𝑓%' = 𝑛 − 1

Equation 4.6

''

𝑀𝑆()* = +,$%&

Equation 4.7

$%&

𝑆𝑆()* = 𝑆𝑆- − 𝑆𝑆%& − 𝑆𝑆%'

Equation 4.8
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Equation 4.9

𝑑𝑓()* = (𝑛 − 1)(𝑘 − 1)

Equation 4.10

It was suggested by Bartko (1976) that the value of 𝑟!. (ICC) should be always between +1
and -1/(k-1). A value of 1 means a total agreement between the experts, while a value of
zero or below means total disagreement. Any value between 1 and zero refers to the level
of disagreement (Barham, 2019).

For HDM in particular, the disagreement is calculated by the Hierarchical Agglomerative
Clustering (HAC) (Barham 2019; Hogaboam 2018; Gibson 2016; Iskin 2014):

Let
m: The number of experts, k= 1 … m
n: The number of decision elements, i=1 … n
𝑟!/ : The mean relative value of the 𝑖th element for 𝑘th expert
𝑅! : The group relative value of the 𝑖th element for m experts is

Equation 5
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The disagreement among the m experts for n decision variables is:

Equation 6

Previous studies have shown that the acceptable level of disagreement should be a
threshold of
d = 0.1. Any value exceeds this number should be followed with mitigation actions to
treat the disagreement (Barham 2019; Hogaboam 2018; Gibson 2016; Iskin 2014):
● A discussion with the experts who are causing the disagreement may be conducted
to know the purpose behind the disagreement. The Delphi approach can then be
used to reduce the disagreement.
● The experts who are causing the disagreement may be removed. Those experts can
be recognized by calculating the standard deviation for each expert and factor.
● The Hierarchical Agglomerative Clustering (HAC) approach can be used to
calculate disagreement for every sub-cluster. This approach helps in finding the
reason for the disagreement by looking into the common attributes for every expert
sub-groups. “If those subgroups represent a homogeneous background, then the
overall disagreement can be attributed to this reason and assumed acceptable”
(Barham, 2019).
● The F-test approach can be used to determine whether disagreement beyond 0.1 is
acceptable or not.
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In general, the validity of results depends on:
● Experts’ agreement on the definition of the problem.
● Experts’ equal access to the same information.
● Experts using the same organizing principle.

4.9 Sensitivity Analysis
Decisions are impacted by the changes in time or surrounding conditions. To analyze the
impact of potential changes in the value at any level of the HDM, Sensitivity Analysis (SA)
may be conducted (Lingga, 2016). SA of HDM was developed by Chen and Kocaoglu
(2005; 2008). This method can assure the robustness of the results under any changes. By
using SA, we can analyze the impact of any changes at each level of the HDM model
(Gibson, 2016; Lingga, 2016). SA is defined by Saltelli (1999) as finding out the model’s
level of dependency on its input factors (Barham, 2019).

Applying SA to HDM have many benefits that have been summarized by Chen and
Kocaoglu (2008):
● Allows researchers to have a better understanding of the model’s behavior.
● Identify the most important criteria or perspective in the model.
● It helps in reaching consensus among experts.
● Examines the robustness of the final decision.
● Measure the flexibility of the model to any possible changes.
● Determine the acceptable tolerance range of the decision elements.
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● It assures an overall more reliable decision.

There are many different methods to conduct SA, some of these methods are summarized
as follow (Barham, 2019; Pianosi et al., 2016):
● Perturbation and derivatives methods
● Multiple-starts perturbation methods
● Correlation and Regression analysis methods
● Regional Sensitivity Analysis (or Monte-Carlo filtering)
● Variance-based methods
● Density-based methods

Chen and Kocaoglu introduced a mathematical deduction approach that tests the flexibility
and robustness of the results (Barham, 2019; Gibson, 2016). Equation 7 calculates the
overall contribution of each alternative (Ai) to the mission (M) in all the four levels of the
HDM:

Equation 7

In this equation, Let:
𝐶0 1 3 4 : Local contribution of the 𝐿#$ objective to the mission
𝐶/0 5 3 6

: Local contribution of the 𝐾 #$ goal to the 𝐿#$ objective
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𝐶! 7 3 4

: Overall contribution of 𝑖 #$ alternative to the mission

𝐶!/ 7 3 5

: Local contribution of 𝑖 #$ alternative to the 𝐾 #$ goal

𝐶!0 7 3 6

: Global contribution of 𝑖 #$ alternative to the 𝐿#$ objective

Another approach of analyzing the sensitivity to changes in the levels of HDM is using
scenario analysis. In which, the emphasis on the perspectives will be changed and
maximized for one perspective at a time. The idea is to observe what would be the effect
of one factor if it turned out to be the most important factor in the model. Multiple
scenarios could be applied in the same way to find out how this could change the results
of the model and the final alternative’s ranking (Barham 2019; Hogaboam 2018; Estep
2017; Gibson 2016; Abotah 2014; Chen and Kocaoglu 2008).

4.10 Desirability Curves
Desirability curves can be used to generalize the model. Each criterion in the model would
be measured by a specific metric. The metrics values would refer to the highest and lowest
possible levels of the criteria, which will be then visualized by graphs. Generating the
desirability curves metrics could be done by meeting a group of experts individually and
then taking the average of their responses.

Selective smaller group of experts can be formed to create and finalize the desirability
values. Initially, the base model was built based on the relative values of the model’s
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perspectives and criteria that has been provided by the experts' quantifications. Then, the
general model can be built on these relative values to create the desirable values (Estep,
2017; Lingga, 2016). For example, creating a final score for the “Government” criteria
would include the following steps: First, corresponding values will be given to each level
of this criteria performance. The values would be the average of what the subject matter
experts provided during one-to-one meetings. The metric will be: How supportive are the
government institutions and regulations to the ecosystem? The possible answers to this
question will be as explained in table 8.

Table 8 - Desirability Values of Government Criteria.

Government
Description

Desirability

Government institutions and regulations do not support the ecosystem
Government institutions and regulation provide a limited support
Government institutions and regulation provide a mediate support
Government institutions and regulation provide a good level support
Government institutions and regulation provide a full support

0
25
50
80
100

Then, these metrics can be visualized in a graph as shown in figure 9.
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Figure 9 - Desirability Curves of Government Criteria.

Second, the general model can be used by answering the question asked to measure the
“Government” criteria, which is part of the “Policy” perspective in this research. If the
relative importance of Policy was found to be 20%, the global weight of government was
calculated to be 5%, and we have the desirability metrics created as shown in table 8. Then
the general model is ready to be used. If an expert believes that the “government institutions
and regulations provide a good level of support”, the value curve score should be 80 as
shown in table 9. This means that the final assessment score of this criterion is 4. The
maximum sum of all the criteria should be equal to 100.

Table 9 - Demonstration of How Value Curves Could be Used to Calculate the Final Score of a
Criteria in the General Model.

General Model of Entrepreneurship Ecosystem Assessment - Example

Perspective

Criteria

Local
Weight

Policy (20%)

Governm
ent

25%

Global Weight
(Local Weight *
Perspective Weight)

5%
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Final Score

Value Curve
Score

(Global
Weight * VC
Score)

80

4

5.0 Research Model
The research model as shown in figure 10 would start first with a literature review
covering entrepreneurship and innovation metrics, entrepreneurial ecosystems, critical
factors affecting the ecosystems, and the methodology. Second, the model will be built
after defining the perspectives and criteria with the validation by experts. Third,
evaluating the model and analyzing the results. Fourth, experts’ validation, contributions
and proposed future work.

Figure 10 - Research Framework.

5.1 Model Design
This HDM design was created based on the literature review, previous independent
studies, and published papers about entrepreneurial ecosystems. In addition to that,
interviews with entrepreneurship experts helped to modify what was found in the
literature review to build a practical model with high potential of successful
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implementations. This model includes five different perspectives as shown in figure 11 to
assess the performance of entrepreneurial ecosystems. These perspectives are policy,
finance, culture & support, human capital, and market. Four criteria are included under
each perspective resulting in a total of twenty criteria. The policy perspective includes
government, government strategy, venture friendly legislation, and research institutions.
The finance perspective includes venture capital funds, angel investors, public funds, and
taxation. The culture & support perspective includes societal norms, incubators &
accelerators, universities, and digitalization. The human capital perspective includes
individual skills, training, academic background, and business experience. The Market
perspective includes market size, entrepreneurial networks, early adopters, and
distribution channels.
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Figure 11 - HDM Model to measure the performance of Entrepreneurial Ecosystems.

5.2 Model’s Perspectives Definitions
Based on the literature review, definitions of the perspectives of the entrepreneurial
ecosystems were grouped in table 10.

86

Table 10 - Perspectives of factors affecting entrepreneurial ecosystems.

Perspectives

Details

Reference

Policy

The set of government guidelines, regulations and
services that control entrepreneurial activities.

(Management Study
Guide, n.d.-a); (R.
Brown & Mason,
2017); (D. B.
Audretsch et al.,
2015); (Mason &
Brown, 2014); (E.
Stam & Van de Ven,
2019); (Vlačić, E.,
Dabić, M., & Aralica,
Z., 2018)

Finance

“The presence of financial means to invest in
activities that do not yet deliver financial means”.

(E. Stam & Van de
Ven, 2019);
(Fuerlinger et al.,
2015); (Fuerlinger et
al., 2015; D.
Isenberg, 2011a; D. J.
Isenberg, 2010a)

Culture &
Support

Culture is defined as how the community within a
region understands, admires, and reacts with
entrepreneurship. While support refers to the variety
of factors, organizations or entities that support the
ecosystem such as incubators, universities,
accelerators, and digitalization.

(Fritsch & Wyrwich,
2014; E. Stam & Van
de Ven, 2019); (R.
Brown & Mason,
2017); (Credit et al.,
2018); (E. Stam &
Van de Ven,
2019);(Lombardi et
al., 2021); (Philpott et
al., 2011)

Human
Capital

Refers to the factors related to the ability of
individuals to be entrepreneurs. It can be measured
through individual skills, training, academic
background, and business experience.

(G. S. Becker, 2009;
Unger et al.,
2011)(Østergaard &
Marinova, 2018)

Market

“Market is any place where two or more parties can
meet to engage in an economic transaction”

(Kenton, 2021b)
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5.3 Model’s Criteria Definitions
Based on the literature review, definitions of the criteria of the entrepreneurial
ecosystems were grouped in table 11.

Table 11 - Criteria of the perspectives affecting entrepreneurial ecosystems.

Criteria

Details

References

Policy Perspective
Government

The quality of government institutions
and regulations to guide and control the
entrepreneurial activities within the state.

(North, 1990); (E.
Stam & Van de
Ven, 2019); (Acs
& Szerb, 2007; D.
Audretsch et al.,
2002; Baumol et
al., 2007; Gilbert
et al., 2004)

Government Strategy

Government strategy is a roadmap that
guides the direction of the public and
private sectors to achieve the vision of the
state.

(Management
Study Guide, n.d.b); Isenberg,
(2011a);
(Management
Study Guide, n.d.b)

Venture Friendly Legislation

The set of governmental regulations that
control and rule the ventures.

(E. Stam & Van
de Ven, 2019).

Research Institutes

Research institutions and centers are
established for the purpose of conducting
research that pours into the development
of the entrepreneurship ecosystem.

(E. Stam & Van
de Ven, 2019).
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Finance Perspective
Venture Capital Funds

Financial support provided by investors
to small businesses with a potential of
long-term growth.

(J. Chen, 2020a);
(R. Brown &
Mason, 2014);
(Colombo &
Grilli, 2007;
Cowling et al.,
2009; Lerner,
2010); (R. Brown
& Mason, 2017);
(J. Chen, 2020a)

Angel Investors

Individuals who invest their money in
startups in exchange for equity generally
at the early stages.

(McKaskill, 2009)

Public Funds

The governments’ financial support to
entrepreneurs through grants, loans or
investments.

(Hayes, 2020; E.
Stam & Van de
Ven, 2019; F. C.
Stam & Spigel,
2016)

Taxation

The state of taxes such as personal
income taxes, capital gains taxes and
payroll taxes.

(Elert et al., 2019)

Culture & Support Perspective
Societal Norms

“Informal rules that govern behavior in
groups and societies”. This includes
attributes such as risk taking, selfefficacy, and proactiveness.
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(Geertz, 1973);
(Kreuzer et al.,
2018);
(Jammalamadaka
& Bernstein,
1999);
(Johansson,
2006); (Fuerlinger
et al., 2015);
(Geertz, 1973);
(Das & Teng,
1997); (Stewart &
Roth, 2004);
(Krueger &
Dickson, 1994);
(Sánchez, 2011)

Incubators & Accelerators

Incubators are organizations that “assist
emerging ventures by providing support
services and assistance in developing
their business”
Accelerators are organizations that
support startups through coaching,
funding, mentoring, and providing
workspace.

(Grimaldi &
Grandi, 2005);
(Miller and
Bound, 2011;
Clarysse et al.,
2015; (B. Becker
& Gassmann,
2006); (R. Brown
& Mason, 2017)

Universities

Institutions that develop new knowledge
through research and transfer the existing
knowledge.

(Colombo &
Grilli, 2007;
Lombardi et al.,
2021);
(Colombelli et al.,
2016; Mack &
Mayer, 2016;
Philpott et al.,
2011)

Digitalization

Simplifying an existing working process
and increasing its efficiency by
converting analog information into
digital.

(Brennen &
Kreiss, 2016);
(Prud’homme et
al., 2020); (Weill,
2015); (Dedehayir
et al., 2018))

Human Capital Perspective
Individual Skills

The set of individual business and
(D. Isenberg,
leadership skills that enable entrepreneurs 2011a);
to succeed in starting a business.
(Østergaard &
Marinova,
2018);(Suresh &
Ramraj, 2012)

Training

Available programs within the public and
private sector that provide individuals
with a set of business skills.

(D. J. Isenberg,
2011);
(Østergaard &
Marinova, 2018)

Academic Background

The higher level of educational
background that individuals have when
they start their business.

(Shane, 2009);
(Grant, 1996);
(Van der Sluis et
al., 2005);
(Baptista et al.,
2007)
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Business Background

The cumulative years of experiences and
challenges individuals have passed
through.

(Baptista et al.,
2007).

Market Perspectives
Market Size

The number of potential buyers in a
specific market segment.

(Zhuo, 2017)

Entrepreneurial Network

The relationships that are formed based
on entrepreneurial activities.

(Chiesi, 2018)

Early Adopters

Individuals or businesses who seek to
obtain new products first in the market
despite the high risk and cost.

(Kenton, 2021a)

Distribution Channels

“A chain of businesses or intermediaries
through which a good or service passes
until it reaches the final buyer or the end
consumer. Distribution channels can
include wholesalers, retailers,
distributors, and even the Internet”.

(Fernando, 2021)

5.4 Expert Panels Design
The details about forming expert panels and the challenges surrounding this process are
all discussed previously in section (4.0 Research Methodology). This dissertation
includes 14 expert panels as shown in table 12.
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Table 12 - Research Expert Panels.

Panel

Mission

Tool

P1

Validate the perspectives

Qualtrics
Survey

P2

Validate the criteria under the policy perspective

Qualtrics
Survey

P3

Validate the criteria under the finance perspective

Qualtrics
Survey

P4

Validate the criteria under the culture & support perspective

Qualtrics
Survey

P5

Validate the criteria under the human capital perspective

Qualtrics
Survey

P6

Validate the criteria under the market perspective

Qualtrics
Survey

P7

Quantify the perspective

ETM HDM
software

P8

Quantify the criteria under the policy perspective

ETM HDM
software

P9

Quantify the criteria under the finance perspective

ETM HDM
software

P10

Quantify the criteria under the culture & support perspective

ETM HDM
software

P11

Quantify the criteria under the human capital perspective

ETM HDM
software

P12

Quantify the criteria under the market perspective

ETM HDM
software

P13

Validate and quantify desirability curves

Interviews

P14

Assess Riyadh city’s entrepreneurial ecosystem using desirability
curves

Interviews
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5.5 Identifying Experts
The subject matter experts’ list was created based on two approaches:
1- Bibliometric Social Network Analysis (SNA)
2- Networking and identifying potential organizations and authors based on literature
review and snowball sampling.

For the bibliometric and social network analysis (SNA), the experts were selected based
on the following criteria: First, based on the level of betweenness. The betweenness refers
to the significant influence on network flows. Second, the degree with the number of
publications’ frequency. Third, the citation bursts of the authors were taken into
consideration to form the final experts list. Citation burst is an indicator of the articles that
received sharp and noticeable increase in citations, which means that the author or research
topic is active (C. Chen, 2006; Saltelli et al., 1999). The combination of the previous criteria
led to the identification of 130 experts, who then were invited to participate in this research.
Total of 31 experts accepted and participated in the research expert panels. The titles of
those experts are all stated in table 13 and a visual representation of their diverse
backgrounds is shown in figure 12.
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Table 13 - Titles of Experts Identified by Bibliometrics, Social Network Analysis and Networking.

Expert

Title

Expert 1

Head of Entrepreneurship Center

Expert 2

Head and Founder of Entrepreneurship Center

Expert 3

Corporate Senior Bank Manager

Expert 4

Corporate Senior Bank Manager

Expert 5

PhD Candidate in Technology Management

Expert 6

Business Owner

Expert 7

PhD, Asset Management Engineering

Expert 8

PhD, Software Development Engineer

Expert 9

Founding Managing Partner at Venture Capital

Expert 10

PhD, Adjunct Professor, CEO

Expert 11

Entrepreneur

Expert 12

Entrepreneur

Expert 13

Entrepreneur

Expert 14

Entrepreneur

Expert 15

Business Development Manager at Entrepreneurship Center

Expert 16

Professor, PhD, Consultant in Social & Behavioral Sciences

Expert 17

Head of Technology Commercialization Department at Global Company

Expert 18

Entrepreneurship Hubs General Manager

Expert 19

Assistant Vice President
of Research at a Business Accelerator

Expert 20

PhD, Associate Professor, Author

Expert 21

PhD, Associate Professor

Expert 22

PhD, Associate Professor

Expert 23

PhD, Associate Professor of Entrepreneurship & Innovation

Expert 24

E-Commerce Program Manager

Expert 25

CEO of Venture Capital Company
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Expert 26

Entrepreneur

Expert 27

PhD, Professor of Public Policy and Management

Expert 28

PhD, Assistant Professor of Management

Expert 29

Executive Advisor, Entrepreneur, and Author

Expert 30

PhD, Professor of Entrepreneurship

Expert 31

Assistant Director at a Business Accelerator

Figure 12 - Visualization of the Subject Matter Experts’ Backgrounds

Bibliometric analysis and SNA allow researchers to expand their experts’ lists and reach
out to experts out of their traditional networks. It is an efficient approach to find out
individuals who are knowledgeable in particular fields. It is a great method to explore the
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connections and patterns in the academic literature (Daim et al., 2006). SNA can be defined
as a methodology that visualizes and measures the connections and flows between
organizations, individuals, groups, institutions, etc. (McCulloh et al., 2013; Ozcan & Islam,
2014). The centrality of the author or publication is usually what is being measured in SNA
through four main metrics (Disney, 2020):
Degree: Degree centrality value provides the number of direct links in a network for each
node.
Betweenness: Betweenness centrality value provides the number of times a node x lies on
the shortest path between other nodes.
Closeness: Closeness centrality value refers to the distance of node x to all the other nodes
in the network.
Eigenvector: Eigenvector centrality value provides the number of direct links in a network
for each node (similar to degree). However, it also counts for the quality of the connection,
and how many links their connections have.
Figure 13 shows a visualization of the identified Experts’ Network based on Bibliometrics
and SNA Using (CiteSpace Software).
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Figure 13 - Visualization of the identified Experts’ Network based on Bibliometrics and SNA Using
CiteSpace Software.

To conduct this analysis, a series of steps were followed similar to what was suggested by
(Daim et al., 2014; Garces et al., 2017). First, the related research keywords were identified
and verified. The selected keywords were used in the Web of Science Database to generate
the data needed. Second, the generated data was used in a software called (CiteSpace) to
visualize and analyze the data based on centrality metrics such as the degree, betweenness,
closeness, frequency, and eigenvector. Third, finalization of the experts list based on the
analysis in the second step. Process steps of conducting bibliometric analysis and SNA are
shown in appendix E.
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List of potential organizations used to identify experts
Global Organizations:
● Global Entrepreneurship Monitor (GEM)
● The Organization for Economic Co-operation and Development (OECD)
●

MAGNiTT: One of the largest online communities for startups across the MENA
region. Based out of Dubai, UAE.

● UBI Global - Innovation Company and Community: Based in Stockholm, Sweden,
founded in 2013 to identify where all the innovation hubs are located worldwide
and to learn and share what makes them successful.
● Global Entrepreneurship Network (GEN)
● Startup Genome: A world-leading innovation policy advisory and research firm that
works on accelerating the startup ecosystem development.
● The Indus Entrepreneurs (TiE): It was founded in 1992 in Silicon Valley by a group
of successful entrepreneurs, corporate executives, and senior professionals with
roots in the Indus region.
● Entrepreneurs’ Organization

Local Saudi Organizations:
● Monshaat: The General Authority for SMEs that was founded by the Saudi
government in line with the vision 2030.
● Badir: Technology Incubators and Accelerators Program - established 2007 by
King Abdulaziz City for Science and Technology.
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● Saudi Entrepreneurship Ecosystem
● Saudi Venture Capital Company
● Saudi Aramco Entrepreneurship Center (Wa’ed): Saudi Aramco's Entrepreneurship
Center that offers a range of support services for the local economy, including debt
and equity funding, business development training, mentorship, and business
incubation.
● KAUST: King Abdullah University of Science and Technology Entrepreneurship
Center offers training and mentorship to entrepreneurs.
●

Wadi Makkah: Incubator, accelerator and VC program focus on technology
investments
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6.0 Results of Model Validation and Quantification

6.1 HDM Model Validation
The HDM model was developed based on literature review and then modified based on
experts’ interviews. After that, a survey was sent to expert panels to validate the model’s
perspectives and criteria. These panels included a total of 31 experts who were identified
after conducting social networks analysis (SNA), literature review and networking.
Invitations emails to join the expert panels were sent to all the experts with a brief
background about my research topic (See appendix A). This was followed by another
email with the validation survey link and the specific objective of this survey (See
appendix A). Qualtrics was used to create the survey (See appendix B).
The objective of this survey is to validate the identified factors that affect building
entrepreneurial ecosystems. This survey intended to capture experts’ judgments of the
suitability of these factors or identify any missing factors. In this survey, experts were
asked (Yes / No) questions to confirm that the considered perspective or the proposed
criteria are related to measuring the performances of entrepreneurial ecosystems. Experts
were given the chance to suggest other factors in each question if they believe a critical
factor needs to be included. Definitions of all the perspectives and criteria were included
to assure the clarity of what each perspective and criteria refers to. The minimum
acceptable percentage of each perspective and criteria was set to be at least 67% in order
to be validated (Iskin, 2014; Phan, 2013).
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6.1.1 Perspective Validation
All the perspectives were approved by at least 96% of the expert panel (P1). Table 14
summarizes the experts' judgments. More details about the experts’ answers are included
in table 15.
Table 14 - Perspectives Validation Summary by Panel P1.

Perspectives
Policy
Finance
Culture & Support
Human Capital

# Experts
24
24
24
24

Yes
24
23
24
24

No
0
1
0
0

Validation %
100%
96%
100%
100%

Market

24

24

0

100%

Table 15 - Details Responses to the Perspectives Validation Survey by Panel P1.

Panel 1

Perspectives

Expert

Policy

Finance

Culture &
Support

Human
Capital

Market

Expert 1

Y

Y

Y

Y

Y

Expert 2

Y

Y

Y

Y

Y

Expert 3

Y

Y

Y

Y

Y

Expert 4

Y

Y

Y

Y

Y

Expert 5

Y

Y

Y

Y

Y

Expert 6

Y

Y

Y

Y

Y

Expert 7

Y

Y

Y

Y

Y

Expert 8

Y

Y

Y

Y

Y

Expert 9

Y

N

Y

Y

Y

Expert 10

Y

Y

Y

Y

Y

Expert 11

Y

Y

Y

Y

Y

Expert 12

Y

Y

Y

Y

Y

Expert 13

Y

Y

Y

Y

Y

Expert 14

Y

Y

Y

Y

Y

Expert 15

Y

Y

Y

Y

Y
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Expert 16

Y

Y

Y

Y

Y

Expert 17

Y

Y

Y

Y

Y

Expert 18

Y

Y

Y

Y

Y

Expert 19

Y

Y

Y

Y

Y

Expert 20

Y

Y

Y

Y

Y

Expert 21

Y

Y

Y

Y

Y

Expert 22

Y

Y

Y

Y

Y

Expert 23

Y

Y

Y

Y

Y

Expert 24

Y

Y

Y

Y

Y

Total

24

24

24

24

24

Total Ys

24

23

24

24

24

6.1.2 Criteria Validation
Policy Criteria
All the criteria were approved by at least 75% of the experts panel P2. Table 16
summarizes the experts' judgments. More details about the experts’ answers are included
in table 17.
Table 16 - Policy Criteria Validation Summary by Expert Panel P2.

Perspective

Policy

Criterion
Government

Yes
23

No
1

Validation %
96%

Government Strategy

24

0

100%

Venture Friendly Legislation

21

3

88%

Research Institute

18

6

75%
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Table 17- Details Responses to the Policy Criteria Validation survey by Expert Panel P2.

Panel 2

Policy

Expert

Government

Government
Strategy

Venture
Friendly
Legislation

Research
Institute

Expert 1

Y

Y

Y

Y

Expert 2

Y

Y

Y

Y

Expert 3

Y

Y

Y

N

Expert 4

Y

Y

Y

Y

Expert 5

Y

Y

Y

Y

Expert 6

Y

Y

Y

N

Expert 7

Y

Y

Y

Y

Expert 8

Y

Y

Y

Y

Expert 9

Y

Y

Y

Y

Expert 10

Y

Y

N

N

Expert 11

Y

Y

Y

Y

Expert 12

Y

Y

Y

Y

Expert 13

Y

Y

N

Y

Expert 14

Y

Y

Y

Y

Expert 15

Y

Y

Y

N

Expert 16

Y

Y

Y

N

Expert 17

Y

Y

Y

Y

Expert 18

Y

Y

Y

N

Expert 19

Y

Y

Y

Y

Expert 20

Y

Y

N

Y

Expert 21

Y

Y

Y

Y

Expert 22

Y

Y

Y

Y

Expert 23

N

Y

Y

Y

Expert 24

Y

Y

Y

Y

Total

24

24

24

24

Total Ys

23

24

21

18
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Finance Criteria
All the criteria were approved by at least 75% of the experts panel P3. Table 18
summarizes the experts' judgments. More details about the experts’ answers are included
in table 19.
Table 18 - Finance Criteria Validation Summary by Expert Panel P3.

Perspective

Finance

Criterion
Venture Capital Funds

Yes
24

No
0

Validation %
100%

Angel Investors

23

1

96%

Public Funds

18

6

75%

Taxation

19

5

79%

Table 19 - Details Responses to the Finance Criteria Validation survey by Expert Panel P3.

Panel 3

Finance

Expert

Venture
Capital Funds

Angel
Investors

Public Funds

Taxation

Expert 1

Y

Y

Y

Y

Expert 2

Y

Y

Y

Y

Expert 3

Y

Y

N

N

Expert 4

Y

Y

Y

Y

Expert 5

Y

Y

Y

Y

Expert 6

Y

Y

Y

Y

Expert 7

Y

Y

Y

Y

Expert 8

Y

Y

Y

Y

Expert 9

Y

Y

Y

Y

Expert 10

Y

Y

N

N

Expert 11

Y

Y

Y

Y

Expert 12

Y

Y

N

Y

Expert 13

Y

Y

Y

Y

Expert 14

Y

Y

Y

N

Expert 15

Y

Y

Y

Y
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Expert 16

Y

Y

Y

Y

Expert 17

Y

N

N

Y

Expert 18

Y

Y

Y

Y

Expert 19

Y

Y

Y

N

Expert 20

Y

Y

N

N

Expert 21

Y

Y

N

Y

Expert 22

Y

Y

Y

Y

Expert 23

Y

Y

Y

Y

Expert 24

Y

Y

Y

Y

Total

24

24

24

24

Total Ys

24

23

18

19

Culture & Support Criteria
All the criteria were approved by at least 92% of the experts panel P4. Table 20
summarizes the experts' judgments. More details about the experts’ answers are included
in table 21.
Table 20 - Culture & Support Criteria Validation Summary by Expert Panel P4.

Perspective

Culture & Support

Perspectives
Societal Norms

Yes
23

No
1

Validation %
96%

Incubators & Accelerators

23

1

96%

Universities

22

2

92%

Digitalization

22

2

92%
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Table 21 - Details Responses to the Culture & Support Criteria Validation survey by Expert Panel
P4

Panel 4

Culture & Support

Expert

Societal
Norms

Incubators &
Accelerators

Universities

Digitalization

Expert 1

Y

Y

Y

Y

Expert 2

Y

Y

Y

Y

Expert 3

Y

Y

N

Y

Expert 4

Y

Y

Y

Y

Expert 5

Y

Y

Y

Y

Expert 6

Y

Y

Y

Y

Expert 7

Y

Y

Y

Y

Expert 8

Y

Y

Y

Y

Expert 9

N

Y

Y

Y

Expert 10

Y

Y

N

N

Expert 11

Y

Y

Y

Y

Expert 12

Y

Y

Y

Y

Expert 13

Y

Y

Y

Y

Expert 14

Y

Y

Y

Y

Expert 15

Y

Y

Y

Y

Expert 16

Y

Y

Y

Y

Expert 17

Y

N

Y

Y

Expert 18

Y

Y

Y

Y

Expert 19

Y

Y

Y

Y

Expert 20

Y

Y

Y

N

Expert 21

Y

Y

Y

Y

Expert 22

Y

Y

Y

Y

Expert 23

Y

Y

Y

Y

Expert 24

Y

Y

Y

Y

Total

24

24

24

24

Total Ys

23

23

22

22
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Human Capital Criteria
All the criteria were approved by at least 71% of the experts panel P5. Table 22
summarizes the experts' judgments. More details about the experts’ answers are included
in table 23.

Table 22 - Human Capital Criteria Validation Summary by Expert Panel P5.

Perspective

Human Capital

Perspectives
Individual Skills

Yes
24

No
0

Validation %
100%

Training

23

1

96%

Academic Background

17

7

71%

Business Background

22

2

92%

Table 23 - Details Responses to the Human Capital Criteria Validation Survey by Expert Panel P5.

Panel 5

Human Capital

Expert

Individual
Skills

Training

Academic
Background

Business
Background

Expert 1

Y

Y

Y

Y

Expert 2

Y

Y

Y

Y

Expert 3

Y

Y

Y

Y

Expert 4

Y

Y

N

Y

Expert 5

Y

Y

Y

Y

Expert 6

Y

Y

Y

Y

Expert 7

Y

Y

Y

Y

Expert 8

Y

Y

Y

Y

Expert 9

Y

Y

Y

Y

Expert 10

Y

Y

N

Y

Expert 11

Y

Y

Y

Y

Expert 12

Y

Y

Y

Y

Expert 13

Y

Y

Y

Y
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Expert 14

Y

Y

Y

Y

Expert 15

Y

Y

N

N

Expert 16

Y

Y

N

Y

Expert 17

Y

Y

N

N

Expert 18

Y

Y

Y

Y

Expert 19

Y

Y

N

Y

Expert 20

Y

N

N

Y

Expert 21

Y

Y

Y

Y

Expert 22

Y

Y

Y

Y

Expert 23

Y

Y

Y

Y

Expert 24

Y

Y

Y

Y

Total

24

24

24

24

Total Ys

24

23

17

22

Market Criteria
All the criteria were approved by at least 88% of the experts panel P6. Table 24
summarizes the experts' judgments. More details about the experts’ answers are included
in table 25.
Table 24 - Market Criteria Validation Summary by Expert Panel P6.

Perspective

Market

Perspectives
Market Size

Yes
23

No
1

Validation %
96%

Entrepreneurial Network

24

0

100%

Early Adopters

21

3

88%

Distribution Channels

22

2

92%
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Table 25 - Details Responses to the Market Criteria Validation survey by Expert Panel P6.

Panel 6

Market

Expert

Market Size

Entrepreneuri
al Network

Early
Adopters

Distribution
Channels

Expert 1

Y

Y

Y

Y

Expert 2

Y

Y

Y

Y

Expert 3

Y

Y

Y

Y

Expert 4

Y

Y

Y

Y

Expert 5

Y

Y

Y

Y

Expert 6

Y

Y

Y

Y

Expert 7

Y

Y

Y

Y

Expert 8

Y

Y

Y

Y

Expert 9

Y

Y

Y

Y

Expert 10

N

Y

Y

N

Expert 11

Y

Y

Y

Y

Expert 12

Y

Y

Y

Y

Expert 13

Y

Y

Y

Y

Expert 14

Y

Y

N

Y

Expert 15

Y

Y

Y

Y

Expert 16

Y

Y

N

Y

Expert 17

Y

Y

N

N

Expert 18

Y

Y

Y

Y

Expert 19

Y

Y

Y

Y

Expert 20

Y

Y

Y

Y

Expert 21

Y

Y

Y

Y

Expert 22

Y

Y

Y

Y

Expert 23

Y

Y

Y

Y

Expert 24

Y

Y

Y

Y

Total

24

24

24

24

Total Ys

23

24

21

22
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6.2 HDM Model Quantification
After validating the model’s perspectives and criteria with at least 71% of the experts in
panels (P1 - P6), the model became ready for the experts’ quantification. The experts
were provided with a brief summary of the research’s objective and nature. They were
asked to evaluate the perspectives and criteria in pairwise comparison using ETM HDM
tool. The detailed methodology process is explained in the section (4.0 Research
Methodology). Expert panels (P7-P12) quantified the model.

6.2.1 Perspective Quantification
Experts panel P7, which included twelve different experts evaluated the relative
importance of each perspective in comparison with the other perspectives. The combined
weight of all the five perspectives is equal to 1. Figure 14 is a visualization of the
perspectives’ final weights, and table 26 shows the detailed weights of the perspective
level.
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Figure 14 - Visualization of the Perspectives Final Weights.

Table 26 - Detailed Weights of the Perspectives Level.

Panel 7

1
2
3
4
5
6
7
8
9
10
11
12

Perspectives

# Experts

Policy

Finance

Culture &
Support

Human
Capital

Market

Inconsistency

Expert 2
Expert 9
Expert 11
Expert 12
Expert 15
Expert 18
Expert 22
Expert 23
Expert 25
Expert 26
Expert 28
Expert 30
Mean

0.21
0.08
0.13
0.10
0.21
0.18
0.12
0.14
0.15
0.20
0.14
0.07
0.144

0.21
0.18
0.20
0.10
0.16
0.18
0.14
0.09
0.22
0.20
0.29
0.18
0.179

0.13
0.12
0.22
0.14
0.13
0.15
0.20
0.30
0.12
0.20
0.12
0.11
0.162

0.21
0.30
0.24
0.26
0.17
0.23
0.29
0.15
0.23
0.20
0.29
0.45
0.252

0.23
0.32
0.21
0.40
0.33
0.25
0.25
0.32
0.28
0.20
0.16
0.19
0.262

0.04
0.02
0.00
0.02
0.01
0.01
0.02
0.01
0.05
0.00
0.04
0.03

Minimum

0.070

0.090

0.110

0.150

0.160
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Maximum

0.210

0.290

0.300

0.450

0.400

Std.Deviation

0.048

0.054

0.057

0.078

0.070

Disagreement

0.055

6.2.2 Criteria Quantification
The criteria level was quantified by expert panels (P8-P12), and the detailed results are
shown in the following parts.

Policy
Experts panel P8, which included fifteen different experts evaluated the relative
importance of each criterion under the policy perspective in comparison with the other
criteria. The combined weight of all the four criteria is equal to 1. Figure 15 is a
visualization of the criteria’s final weights, and table 27 shows the detailed weights of the
criteria.
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Figure 15 - Visualization of the Policy’s Criteria.

Table 27 - Detailed Weights of the Policy’s Criteria.

Panel 8
# Experts
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Expert 2
Expert 9
Expert 11
Expert 12
Expert 15
Expert 18
Expert 21
Expert 22
Expert 23
Expert 25
Expert 26
Expert 27
Expert 28
Expert 29
Expert 30
Mean

Policy
Government Government
Strategy
0.10
0.14
0.21
0.18
0.17
0.18
0.17
0.38
0.29
0.17
0.08
0.08
0.25
0.14
0.05
0.173

0.24
0.27
0.21
0.24
0.23
0.22
0.24
0.15
0.29
0.27
0.11
0.26
0.20
0.08
0.05
0.204
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Venture
Friendly
Legislation

Research
Institutes

0.36
0.47
0.30
0.37
0.40
0.30
0.34
0.26
0.29
0.43
0.34
0.34
0.27
0.28
0.45
0.347

0.30
0.13
0.27
0.20
0.20
0.30
0.24
0.21
0.13
0.13
0.48
0.32
0.27
0.50
0.45
0.275

Inconsistency
0.01
0.02
0.01
0.02
0.03
0.00
0.04
0.01
0.00
0.02
0.05
0.03
0.00
0.07
0.00

Minimum

0.05

0.05

0.26

0.13

Maximum

0.38

0.29

0.47

0.50

Std.Deviation

0.09

0.07

0.07

0.12

Disagreement

0.076

Finance
Experts panel P9, which included fifteen different experts evaluated the relative
importance of each criterion under the finance perspective in comparison with the other
criteria. The combined weight of all the four criteria is equal to 1. Figure 16 is a
visualization of the criteria’s final weights, and table 28 shows the detailed weights of the
criteria.

Figure 16 - Visualization of the Finance’s Criteria.
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Table 28 - Detailed Weights of the Finance’s Criteria.

Panel 9

Expert 2
Expert 9
Expert 11
Expert 12
Expert 15
Expert 18
Expert 21
Expert 22
Expert 23
Expert 25
Expert 26
Expert 27
Expert 28
Expert 29
Expert 30
Mean

Venture
Capital
Funds
0.27
0.25
0.24
0.24
0.22
0.31
0.11
0.16
0.25
0.35
0.44
0.08
0.25
0.30
0.37
0.256

Minimum

0.08

0.14

0.03

0.04

Maximum

0.44

0.50

0.47

0.72

Std.Deviation

0.09

0.10

0.11

0.16

# Experts
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Finance
Angel
Investors

Public Funds

Taxation

Inconsistency

0.27
0.25
0.35
0.41
0.31
0.38
0.14
0.25
0.25
0.37
0.18
0.18
0.20
0.30
0.50
0.289

0.18
0.25
0.23
0.13
0.15
0.18
0.03
0.23
0.25
0.25
0.15
0.47
0.33
0.27
0.06
0.211

0.27
0.25
0.18
0.21
0.32
0.12
0.72
0.36
0.25
0.04
0.23
0.27
0.22
0.13
0.07
0.243

0.00
0.00
0.01
0.01
0.02
0.02
0.07
0.00
0.00
0.01
0.05
0.05
0.04
0.10
0.03

Disagreement

0.093

Culture & Support
Experts panel P10, which included thirteen different experts evaluated the relative
importance of each criterion under the culture & support perspective in comparison with
the other criteria. The combined weight of all the four criteria is equal to 1. Figure 17 is a
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visualization of the criteria’s final weights, and table 29 shows the detailed weights of the
criteria.

Figure 17 - Visualization of the Culture & Support’s Criteria

Table 29 - Detailed Weights of the Culture & Support Criteria.

Panel 10
# Experts
1
2
3
4
5
6
7
8
9

Expert 2
Expert 9
Expert 11
Expert 12
Expert 18
Expert 22
Expert 23
Expert 25
Expert 26

Culture & Support
Societal
Norms
0.18
0.10
0.22
0.42
0.22
0.51
0.40
0.24
0.09

Incubators &
Universities Digitalization Inconsistency
Accelerators
0.24
0.33
0.24
0
0.17
0.27
0.46
0.02
0.30
0.30
0.18
0
0.13
0.16
0.29
0.04
0.22
0.37
0.20
0.02
0.24
0.16
0.10
0.02
0.11
0.21
0.28
0.07
0.24
0.18
0.33
0
0.31
0.29
0.32
0.02
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10
11
12
13

Expert 27
Expert 28
Expert 29
Expert 30
Mean

0.33
0.27
0.24
0.24
0.266

0.37
0.19
0.60
0.29
0.262

0.10
0.29
0.07
0.33
0.235

0.19
0.25
0.09
0.14
0.236

Minimum

0.09

0.11

0.07

0.09

Maximum

0.51

0.60

0.37

0.46

Std.Deviation

0.12

0.13

0.09

0.10

Disagreement

0.08
0.02
0.04
0.06

0.098

Human Capital
Experts panel P11, which included sixteen different experts evaluated the relative
importance of each criterion under the human capital perspective in comparison with the
other criteria. The combined weight of all the four criteria is equal to 1. Figure 18 is a
visualization of the criteria’s final weights, and table 30 shows the detailed weights of the
criteria.
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Figure 18 - Visualization of the Human Capital's Criteria.

Table 30 - Detailed Weights of the Human Capital’s Criteria.

Panel 11
# Experts
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Expert 2
Expert 9
Expert 10
Expert 11
Expert 12
Expert 15
Expert 18
Expert 21
Expert 22
Expert 23
Expert 25
Expert 26
Expert 27
Expert 28
Expert 29
Expert 30
Mean

Human Capital
Individual
Skills
0.2
0.33
0.34
0.21
0.3
0.31
0.3
0.25
0.27
0.42
0.3
0.21
0.12
0.4
0.26
0.52
0.274

Academic
Background
0.25
0.22
0.2
0.16
0.11
0.13
0.2
0.25
0.18
0.14
0.2
0.16
0.2
0.16
0.02
0.14
0.185

Training
0.22
0.16
0.25
0.31
0.27
0.32
0.22
0.25
0.27
0.2
0.25
0.48
0.45
0.28
0.07
0.15
0.281
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Business
Inconsistency
Background
0.33
0.01
0.3
0.01
0.22
0.01
0.33
0.00
0.32
0.01
0.24
0.01
0.27
0.00
0.25
0.00
0.27
0.00
0.25
0.05
0.24
0.05
0.14
0.03
0.23
0.02
0.16
0.01
0.66
0.02
0.19
0.01
0.261

Minimum
Maximum
Std.Deviation
Disagreement

0.12
0.52
0.10

0.07
0.48
0.10

0.02
0.25
0.06

0.14
0.66
0.12
0.075

Market
Experts panel P12, which included thirteen different experts evaluated the relative
importance of each criterion under the market’s perspective in comparison with the other
criteria. The combined weight of all the four criteria is equal to 1. Figure 19 is a
visualization of the criteria’s final weights, and table 31 shows the detailed weights of the
criteria.

Figure 19 - Visualization of the Market’s Criteria.
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Table 31 - Detailed Weights of the Market’s Criteria.

Panel 12

Expert 2
Expert 9
Expert 11
Expert 12
Expert 15
Expert 18
Expert 21
Expert 22
Expert 23
Expert 25
Expert 26
Expert 28
Expert 30
Mean

Market
Size
0.33
0.59
0.16
0.49
0.3
0.33
0.25
0.35
0.45
0.39
0.25
0.2
0.14
0.325

Entrepreneurial
Network
0.24
0.13
0.27
0.13
0.27
0.2
0.25
0.27
0.28
0.24
0.2
0.3
0.55
0.256

Early
Adopters
0.18
0.18
0.31
0.17
0.16
0.2
0.25
0.2
0.11
0.1
0.3
0.27
0.22
0.204

Minimum

0.14

0.13

0.10

0.09

Maximum

0.59

0.55

0.31

0.27

Std.Deviation

0.13

0.10

0.07

0.06

# Experts
1
2
3
4
5
6
7
8
9
10
11
12
13

Market
Distribution
Inconsistency
Channels
0.24
0.00
0.1
0.06
0.26
0.01
0.22
0.01
0.27
0.03
0.27
0.00
0.25
0.00
0.19
0.00
0.16
0.03
0.27
0.04
0.25
0.01
0.22
0.00
0.09
0.03
0.215

Disagreement

0.077

6.3 Final Model Weights
The final model weights were calculated as explained earlier in the methodology section
by multiplying the local criterion weight by its perspective weight. The total of
combining all the twenty global criteria’s weights is equal to 100%. Details of the final
weighted model are represented in table 32, while figure 20 represents the final weighted
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model in the HDM format. In addition, figure 21 shows a visual representation of only
the criteria’s global weights for easier comparison.
Table 32 - Details of the Final Model Weights.

Perspectives

Policy
(14.4 %)

Finance
(17.9 %)

Culture & Support
(16.2 %)

Human Capital
(25.2 %)

Market
(26.2 %)

Global Weight

Criteria

Local Weight

Government

17.3%

2.5%

Government Strategy

20.4%

2.9%

Venture Friendly
Legislation

34.7%

5.0%

Research Institutes

27.5%

4.0%

Venture Capital Funds

25.6%

4.6%

Angel Investors

28.9%

5.2%

Public Funds

21.1%

3.8%

Taxation

24.3%

4.3%

Societal Norms

26.6%

4.3%

Incubators &
Accelerators

26.2%

4.2%

Universities

23.5%

3.8%

Digitalization

23.6%

3.8%

Individual Skills

27.4%

6.9%

Training

28.1%

7.1%

Academic Background

18.5%

4.6%

Business Background

26.1%

6.6%

Market Size

32.5%

8.5%

Entrepreneurial
Network

25.6%

6.7%

Early Adopters

20.4%

5.3%

Distribution Channels

21.5%

5.6%
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(Local Weight * Perspective Weight)

Objective

Perspectives

Criteria

Development of an Assessment Model to Measure the Performance of
Entrepreneurship Ecosystems
Policy
(14.4%)

Finance
(17.9%)

Culture &
Support
(16.2%)

Human Capital
(25.2%)

Market
(26.2%)

Government
(2.5%)

Venture
Capital Funds
(4.6%)

Societal
Norms
(4.3%)

Individuals
Skills
(6.9%)

Market Size
(8.5%)

Government
Strategy
(2.9%)

Angel
Investors
(5.2%)

Incubators &
Accelerators
(4.2%)

Training
(7.1%)

Entrepreneurial
Networks
(6.7%)

Venture
Friendly
Legislation
(5%)

Public Funds
(3.8%)

Universities
(3.8%)

Academic
Background
(4.6%)

Early Adopters
(5.3%)

Research
Institutions
(4%)

Taxation
(4.3%)

Digitalization
(3.8%)

Business
Background
(6.6%)

Distribution
Channels
(5.6%)

Outcomes
(Desirability
Curves)

Figure 20 - Final weighted HDM.
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Figure 21 - Visualization of the Criteria’s Global Weights.

6.4 Inconsistency and Disagreement Analysis
The reliability of the results is influenced by the levels of inconsistency and
disagreement. Based on the previous discussion about the methodology and its
limitations. Inconsistency and disagreement are expected to occur, but it is only
acceptable if it does not exceed a threshold of 10%. If it exceeds this threshold,
mitigation actions must be taken as explained earlier. No major disagreement above 10%
was detected. However, Inconsistencies of some experts exceeded the threshold of 10%.
As a result, the mitigation procedure was followed. These experts were contacted to
notify them that their inconsistency level was higher than the acceptable limits.
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Additional explanations of the model’s terms and objectives were provided. Then, they
were given the option of either resubmitting their evaluations until the inconsistency
decreased to the acceptable limit or simply removing their judgments. After the
completion of the mitigation process, all the results were summarized and presented with
inconsistencies and disagreements that do not exceed 10% as shown in tables (26-31).
Therefore, the final results are reliable.

6.5 Desirability / Value Curves
Desirability curve is a method that generates scaled quantitative values out of qualitative
or quantitative data (Gibson, 2016). Most of this model’s criteria are qualitative and need
to be evaluated by experts. Therefore, non-numerical scales such as low, moderate, high,
optimal were used to describe the desired level of specific criteria (Lingga, 2016). These
desirability curves were created with the validations and evaluations of a special experts
panel (P13). This panel combined combinations of experts who have the greatest
experiences and knowledge among the selected experts. One on one interviews were
conducted with them to discuss the desirability curve matrix (table 33) and specify
measurement metrics for every criterion in the model. All the twenty criteria’s
desirability curves are shown in figures (22-41).
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Table 33 - Desirability Curve Matrix.

Perspective

Criteria

Unit of Measurements
How supportive are the government institutions and regulations to
Government
the ecosystem?
Government
Is there a government entrepreneurship strategy?
Strategy
Policy
Venture
What is the level of venture legislation complexity to
Friendly
entrepreneurs?
Legislation
Research What is the level of research institutes’ contribution to the
Institutes ecosystem?
Venture
What is the level of venture capital funds?
Capital Funds
Angel
What is the level of angel investors?
Finance
Investors
Public Funds What is the level of public funds?
Taxation
Is the taxation system creating obstacles to entrepreneurs?
Societal
How encouraging are the societal norms for people to become
Norms
entrepreneurs?
Incubators & Are there incubators & accelerators that provide quality services
Culture & Accelerators to startups?
Support
Are there universities that provide support and education to
Universities
entrepreneurs?
Is digitalization making entrepreneurial activities simpler and
Digitalization
much more efficient?
Individual
Do individuals demonstrate entrepreneurial and business skills?
Skills
Training
What is the training maturity level?
Human
Academic What is the academic background of entrepreneurs when they
Capital
Background start their business?
Business
What is the business background of entrepreneurs when they start
Background their business?
Market Size How big is the market size?
Entrepreneuri Are there entrepreneurial networks that provide the support and
al Network guidance for entrepreneurs?
Market
Early
Are there early adopters who are willing to take some risk to
Adopters obtain products and request services at early stages?
Distribution Are there distribution channels that make business trading
Channels activities easier?
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Policy Perspective
The policy perspective desirability curves are all listed below.

Government
Description

Desirability

Government institutions and regulations do not support the ecosystem

0

Government institutions and regulation provide a limited support
Government institutions and regulation provide a mediate support
Government institutions and regulation provide a good level support
Government institutions and regulation provide a full support

25
50
80
100

Figure 22 - Desirability Curve of Government.
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Government Strategy
Description
There is no entrepreneurship strategy
There is a weak entrepreneurship strategy
There is a moderate level entrepreneurship strategy
There is a good entrepreneurship strategy
There is an excellent entrepreneurship strategy
Figure 23 - Desirability Curve of Government Strategy.
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Desirability
0
20
50
75
100

Venture Friendly Legislations
Description
Venture legislations are complex and not clear for entrepreneurs
Venture legislations have some complexity and vagueness for
entrepreneurs

Desirability
0
25

Venture legislations are at moderate level of complexity for entrepreneurs

50

Venture legislations are at good (low) level of complexity for
entrepreneurs

70

Venture legislations are very friendly and encouraging for entrepreneurs

100

Figure 24 - Desirability Curve of Venture Friendly Legislations.

128

Research Institutes
Description
Research Institutes do not contribute to the ecosystem

Desirability
0

Research Institutes have limited contribution to the ecosystem
Research Institutes have average contribution to the ecosystem

20
55

Research Institutes have a good contribution to the ecosystem
Research Institutes have a high-level contribution to the ecosystem

80
100

Figure 25 - Desirability Curve of Research Institutions.
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Finance Perspective
The finance perspective desirability curves are all listed below.

Venture Capital Funds
Description
Venture capital funds do not exist

Desirability
0

Venture capital funds are at low level
Venture capital funds are at moderate level
Venture capital funds are at high level
Venture capital fund are at optimal level
Figure 26 - Desirability Curve of Venture Capital Funds.
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20
50
80
100

Angel Investors
Description

Desirability

Angel investors funds do not exist
Angel investors funds are at low level

0
20

Angel investors funds are at moderate level
Angel investors fund are at highest level

50
80

Angel investors funds are at optimal level

100

Figure 27 - Desirability Curve of Angel Investors.
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Public Funds
Description
Public funds do not exist
Public funds are at low level
Public funds are at moderate level
Public funds are at high level
Public funds are at optimal level
Figure 28 - Desirability Curve of Public Funds.
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Desirability
0
20
50
80
100

Taxation
Description
The taxation system is harsh on entrepreneurs and discouraging
entrepreneurial activities
The taxation system is at low level and requires massive
improvements
The taxation system needs some improvement

Desirability

The taxation system is fair enough
The taxation system is fair and encouraging entrepreneurial
activities

80

Figure 29 - Desirability Curve of Taxation.
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0
20
55
100

Culture & Support
The culture & support perspective desirability curves are all listed below.

Societal Norms
Description
Societal norms do not encourage people to become entrepreneurs
Societal norms are at low level of encouraging people to become
entrepreneurs
Societal norms are at moderate level of encouraging people to become
entrepreneurs
Societal norms are at high level of encouraging people to become
entrepreneurs
Societal norms are at optimal level of encouraging people to become
entrepreneurs
Figure 30 - Desirability Curve of Societal Norms.
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Desirability
0
25
55
80
100

Incubators & Accelerators
Description

Desirability

There is lack of incubators & accelerators in the region

0

There are limited incubators & accelerators that provide
quality services to startups

25

There is moderate number of incubators & accelerators that
provide quality services to startups

50

There is a good number of incubators & accelerators that
provide quality services to startups

85

There is a perfect number of incubators & accelerators that
provide quality services to startups

100

Figure 31- Desirability Curve of Incubators & Accelerators.
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Universities
Description
There is lack of universities in the region
There are limited universities that provide support and education to
entrepreneurs
There is moderate number of universities that provide support and
education to entrepreneurs
There is a good number of universities that provide support and
education to entrepreneurs
There is a perfect number of universities that provide support and
education to entrepreneurs
Figure 32 - Desirability Curve of Universities.
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Desirability
0
25
50
85
100

Digitalization
Description
Digitalization has not started in the ecosystem

Desirability
0

Digitalization is at early stages and has limited impact

25

Digitalization is at moderate level and has medium level of impact
on simplifying entrepreneurial activities

50

Digitalization is at high level and has noticeable impact on
simplifying and increasing the efficiency of entrepreneurial
activities
Digitalization is at optimal level and has strong impact on
simplifying and increasing the efficiency of entrepreneurial
activities
Figure 33 - Desirability Curve of Digitalization.
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85

100

Human Capital
The human capital perspective desirability curves are all listed below.

Individual Skills
Description
Individuals lack entrepreneurial and business skills
Only limited number of Individuals demonstrate entrepreneurial and
business skills
Moderate number of Individuals demonstrate entrepreneurial and
business skills
Good number of Individuals demonstrate entrepreneurial and business
skills
High number of individuals demonstrate entrepreneurial and business
skills
Figure 34 - Desirability Curve of Individual Skills.
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Desirability
0
25
55
80
100

Training
Description
Entrepreneurial training does not exist
Entrepreneurial training is limited
Entrepreneurial training is at moderate level
Entrepreneurial training is at a high level
Entrepreneurial training is advanced and at maturity level
Figure 35 - Desirability Curve of Training.
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Desirability
0
20
50
85
100

Academic Background
Description
Desirability
Entrepreneurs do not have any academic background
0
Entrepreneurs have limited academic background
20
Entrepreneurs have moderate level of academic background
50
Entrepreneurs have good academic background
80
Entrepreneurs are highly educated
100
Figure 36 - Desirability Curve of Academic Background.
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Business Background
Description
Entrepreneurs have no business background when they
start their startups
Entrepreneurs have limited business background when
they start their startups
Entrepreneurs have moderate business background when
they start their startups
Entrepreneurs have good business background when they
start their startups
Entrepreneurs have advanced business background when
they start their startups

Desirability

Figure 37 - Desirability Curve of Business Background.
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0
20
50
80
100

Market
The market perspective desirability curves are all listed below.

Market Size
Description
The market is very small for providing business
opportunities
The market small for providing business opportunities
The market is in moderate size for providing business
opportunities
The market is large enough for providing business
opportunities
The market is huge for providing business opportunities
Figure 38 - Desirability Curve of Market Size.
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Desirability
0
25
50
85
100

Entrepreneurial Networks
Description
Entrepreneurial networks do not exist

Desirability
0

Entrepreneurial networks exist in small scale with very
limited impact on the entrepreneurs' performances

25

Entrepreneurial networks exist in moderate level scale
with limited impact on the entrepreneurs' performances

50

Entrepreneurial networks exist in high level scale with
noticeable impact on the entrepreneurs' performances

85

Entrepreneurial networks exist in very high-level scale
with optimal impact on the entrepreneurs' performances

100

Figure 39 - Desirability Curve of Entrepreneurial Networks.
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Early Adopters
Description
There are no early adopters in the market
There are limited early adopters in the market
There is moderate level of early adopters in the market
There is good level of early adopters in the market
There is high level of early adopters in the market
Figure 40 - Desirability Curve of Early Adopters.
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Desirability
0
25
50
85
100

Distribution Channels
Description
There are no distribution channels
There are limited distribution channels
There is moderate level of distribution channels
There is good level of distribution channels

Desirability
0
25
50
85

There is a high level of distribution channels

100

Figure 41 - Desirability Curve of Distribution Channels.
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7.0 Sensitivity / Scenario Analysis
Scenario analysis is one of the sensitivity analyses approaches to test the flexibility of
HDM models toward changes. The model can be misleading if the perspectives or criteria
get impacted by time. If a factor with high sensitivity gets changed, then the pairwise
comparison needs to be reconducted (Abotah, 2014; Estep, 2017; Gibson, 2016; Lima
Junior et al., 2014; Phan, 2013; Tran & Daim, 2008).

For this research, five extreme scenarios are implemented. At each one of the scenarios,
one perspective is being boosted to be considered as the most important perspective as
shown in table 34. Tables (35 - 40) show the results of the scenario analysis by
comparing the original scores with the new scores under each scenario. The results show
positive and negative changes but not very high except for scenario four and five.
Scenario four (human capital emphasis) has decreased the final score of Riyadh from
69.7 (original score) down to 51.4, which is a difference of (-18.4) points. This is because
the human capital’s criteria of Riyadh were evaluated as low in general. Thus making the
assumption that human capital is the most important perspective decreased the overall
score of Riyadh. However, Al Khobar’s final score decreased with only (-5.9) within this
same scenario. Similar case was seen in scenario five (market emphasis), where the new
score of Riyadh was calculated to be 87.9 (18.2 higher than original score). Except in this
case, it is a positive change. This is because Riyadh has received high evaluation of the
market’s criteria and boosting this perspective has increased its overall score. On the
other hand, Al Khobar’s final score has increased by (13.5) points. This means that there
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should be more preparations if scenario four or five applies considering that both had the
highest changes. Finally, the scenario analysis shows that there are changes but they are
not significant in most of the scenarios. This is with applying extreme scenarios, which in
reality will be less extreme. Thus the model can be considered reliable enough.

Table 34 - Scenario Analysis.

Perspective

Policy

Finance

Culture &
Support

Human
Capital

Market

Original Wights

14.4%

17.9%

16.2%

25.2%

26.2%

Scenario 1: Policy
Emphasis

96.0%

1.0%

1.0%

1.0%

1.0%

Scenario 2: Finance
Emphasis

1.0%

96.0%

1.0%

1.0%

1.0%

Scenario 3: Culture
& Support Emphasis

1.0%

1.0%

96.0%

1.0%

1.0%

Scenario 4: Human
Capital Emphasis

1.0%

1.0%

1.0%

96.0%

1.0%

Scenario 4: Market
Emphasis

1.0%

1.0%

1.0%

1.0%

96.0%

Table 35 - Original Results of Riyadh and Al Khobar Performance Score.

Original Results
Perspectives

Policy
(14.4 %)

Criteria

Local
Weight

Global
Weight

Riyadh Case

Alkhobar
Case

Government

17.3%

2.5%

2.0

1.2

Government Strategy

20.4%

2.9%

2.2

1.5

Venture Friendly
Legislation

34.7%

5.0%

3.5

3.5

Research Institutes

27.5%

4.0%

2.2

0.8
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Venture Capital Funds

25.6%

4.6%

3.7

0.9

Angel Investors

28.9%

5.2%

4.1

2.6

Public Funds

21.1%

3.8%

3.0

1.9

Taxation

24.3%

4.3%

0.9

2.4

Societal Norms

26.6%

4.3%

3.4

2.4

Incubators &
Accelerators

26.2%

4.2%

3.6

2.1

Universities

23.5%

3.8%

1.9

1.9

Digitalization

23.6%

3.8%

3.2

3.2

Individual Skills

27.4%

6.9%

5.5

3.8

Training

28.1%

7.1%

3.5

1.4

Human Capital
Academic Background
(25.2 %)

18.5%

4.6%

2.3

3.7

Business Background

26.1%

6.6%

1.3

3.3

Market Size

32.5%

8.5%

7.2

7.2

Entrepreneurial
Network

25.6%

6.7%

6.7

3.4

Early Adopters

20.4%

5.3%

4.5

2.7

Distribution Channels

21.5%

5.6%

4.8

4.8

Final Score

69.7

54.7

Ranking

1

2

Finance
(17.9 %)

Culture &
Support
(16.2 %)

Market
(26.2 %)
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Table 36 - Scenario 1 Analysis with Policy Emphasis.

Scenario 1: Policy Emphasis
Perspectives

Local
Weight
17.3%

Global
Weight
16.6%

Government
Strategy

20.4%

Venture Friendly
Legislation

Criteria

Riyadh Case

Alkhobar Case

13.3

8.29

19.6%

14.7

9.79

34.7%

33.3%

23.3

23.30

Research
Institutes

27.5%

26.4%

14.5

5.29

Venture Capital
Funds

25.6%

0.3%

0.2

0.05

Angel Investors

28.9%

0.3%

0.2

0.14

Public Funds

21.1%

0.2%

0.2

0.11

Taxation

24.3%

0.2%

0.0

0.13

Societal Norms

26.6%

0.3%

0.2

0.15

Incubators &
Accelerators

26.2%

0.3%

0.2

0.13

Universities

23.5%

0.2%

0.1

0.12

Digitalization

23.6%

0.2%

0.2

0.20

Individual Skills

27.4%

0.3%

0.2

0.15

Training

28.1%

0.3%

0.1

0.06

Academic
Background

18.5%

0.2%

0.1

0.15

Business
Background

26.1%

0.3%

0.1

0.13

Market Size

32.5%

0.3%

0.3

0.28

Entrepreneurial
Network

25.6%

0.3%

0.3

0.13

Early Adopters

20.4%

0.2%

0.2

0.10

Government

Policy
(96%)

Finance
(1%)

Culture &
Support
(1%)

Human Capital
(1%)

Market
(1%)
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Distribution
Channels

21.5%

0.2%

0.2

0.18

Final Score

68.6

48.9

Original
Score

69.9

54.7

Change

-1.1

-5.8

Ranking

1

2

Original
Ranking

1

2

Table 37 - Scenario 2 Analysis with Finance Emphasis.

Scenario 2: Finance Emphasis
Perspectives

Criteria
Government

Policy
(1%)

Finance
(96%)

Culture &
Support
(1%)

Local
Weight
17.3%

0.2%

0.1

Alkhobar
Case
0.09

Global Weight Riyadh Case

Government
Strategy

20.4%

0.2%

0.2

0.10

Venture Friendly
Legislation

34.7%

0.3%

0.2

0.24

Research Institutes

27.5%

0.3%

0.2

0.06

Venture Capital
Funds

25.6%

24.6%

19.7

4.92

Angel Investors

28.9%

27.8%

22.2

13.89

Public Funds

21.1%

20.2%

16.2

10.11

Taxation

24.3%

23.3%

4.7

12.81

Societal Norms

26.6%

0.3%

0.2

0.15

Incubators &
Accelerators

26.2%

0.3%

0.2

0.13

Universities

23.5%

0.2%

0.1

0.12
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Human Capital
(1%)

Market
(1%)

Digitalization

23.6%

0.2%

0.2

0.20

Individual Skills

27.4%

0.3%

0.2

0.15

Training

28.1%

0.3%

0.1

0.06

Academic
Background

18.5%

0.2%

0.1

0.15

Business
Background

26.1%

0.3%

0.1

0.13

Market Size

32.5%

0.3%

0.3

0.28

Entrepreneurial
Network

25.6%

0.3%

0.3

0.13

Early Adopters

20.4%

0.2%

0.2

0.10

Distribution
Channels

21.5%

0.2%

0.2

0.18

Final Score

65.6

43.98

Original Score

69.7

54.7

Change

-4.2

-10.7

Ranking

1

2

Original
Ranking

1

2

Table 38 - Scenario 3 Analysis with Culture & Support Emphasis.

Scenario 3: Culture & Support Emphasis
Perspectives

Policy
(1%)

Criteria

Local
Weight

Government

17.3%

0.2%

0.1

0.09

Government
Strategy

20.4%

0.2%

0.2

0.10

Venture Friendly
Legislation

34.7%

0.3%

0.2

0.24
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Global Weight Riyadh Case Alkhobar Case

Finance
(1%)

Culture &
Support
(96%)

Human
Capital
(1%)

Market
(1%)

Research Institutes

27.5%

0.3%

0.2

0.06

Venture Capital
Funds

25.6%

0.3%

0.2

0.05

Angel Investors

28.9%

0.3%

0.2

0.14

Public Funds

21.1%

0.2%

0.2

0.11

Taxation

24.3%

0.2%

0.0

0.13

Societal Norms

26.6%

25.6%

20.4

14.05

Incubators &
Accelerators

26.2%

25.2%

21.4

12.59

Universities

23.5%

22.6%

11.3

11.30

Digitalization

23.6%

22.7%

19.3

19.27

Individual Skills

27.4%

0.3%

0.2

0.15

Training

28.1%

0.3%

0.1

0.06

Academic
Background

18.5%

0.2%

0.1

0.15

Business
Background

26.1%

0.3%

0.1

0.13

Market Size

32.5%

0.3%

0.3

0.28

Entrepreneurial
Network

25.6%

0.3%

0.3

0.13

Early Adopters

20.4%

0.2%

0.2

0.10

Distribution
Channels

21.5%

0.2%

0.2

0.18

Final Score

75.1

59.31

Original Score

69.7

54.7

Change

5.4

4.6

Ranking

1

2

Original
Ranking

1

2
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Table 39 - Scenario 4 Analysis with Human Capital Emphasis.

Scenario 4: Human Capital Emphasis
Perspectives

Policy
(1%)

Finance
(1%)

Culture &
Support
(1%)

Human Capital
(96%)

Market
(1%)

Government

Local
Weight
17.3%

Government Strategy

20.4%

0.2%

0.2

0.10

Venture Friendly
Legislation

34.7%

0.3%

0.2

0.24

Research Institutes

27.5%

0.3%

0.2

0.06

Venture Capital
Funds

25.6%

0.3%

0.2

0.05

Angel Investors

28.9%

0.3%

0.2

0.14

Public Funds

21.1%

0.2%

0.2

0.11

Taxation

24.3%

0.2%

0.0

0.13

Societal Norms

26.6%

0.3%

0.2

0.15

Incubators &
Accelerators

26.2%

0.3%

0.2

0.13

Universities

23.5%

0.2%

0.1

0.12

Digitalization

23.6%

0.2%

0.2

0.20

Individual Skills

27.4%

26.3%

21.0

14.46

Training

28.1%

27.0%

13.5

5.39

Academic
Background

18.5%

17.7%

8.9

14.18

Business
Background

26.1%

25.0%

5.0

12.52

Market Size

32.5%

0.3%

0.3

0.28

Entrepreneurial
Network

25.6%

0.3%

0.3

0.13

Early Adopters

20.4%

0.2%

0.2

0.10

Distribution
Channels

21.5%

0.2%

0.2

0.18

Criteria
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0.2%

Riyadh
Case
0.1

Alkhobar
Case
0.09

Global Weight

Final Score

51.4

48.75

Original Score

69.7

54.7

Change

-18.4

-5.9

Ranking

1

2

Original
Ranking

1

2

Table 40 - Scenario 5 Analysis with Market Emphasis.

Scenario 5: Market Emphasis
Perspectives

Policy
(1%)

Finance
(1%)

Culture &
Support
(1%)

Human Capital
(1%)

Criteria

Local
Weight

Global
Weight

Riyadh Case

Government

17.3%

0.2%

0.1

Alkhobar
Case
0.09

Government Strategy

20.4%

0.2%

0.2

0.10

Venture Friendly
Legislation

34.7%

0.3%

0.2

0.24

Research Institutes

27.5%

0.3%

0.2

0.06

Venture Capital
Funds

25.6%

0.3%

0.2

0.05

Angel Investors

28.9%

0.3%

0.2

0.14

Public Funds

21.1%

0.2%

0.2

0.11

Taxation

24.3%

0.2%

0.0

0.13

Societal Norms

26.6%

0.3%

0.2

0.15

Incubators &
Accelerators

26.2%

0.3%

0.2

0.13

Universities

23.5%

0.2%

0.1

0.12

Digitalization

23.6%

0.2%

0.2

0.20

Individual Skills

27.4%

0.3%

0.2

0.15

Training

28.1%

0.3%

0.1

0.06
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Market
(96%)

Academic
Background

18.5%

0.2%

0.1

0.15

Business
Background

26.1%

0.3%

0.1

0.13

Market Size

32.5%

31.2%

26.6

26.55

Entrepreneurial
Network

25.6%

24.6%

24.6

12.30

Early Adopters

20.4%

19.6%

16.6

9.78

Distribution
Channels

21.5%

20.6%

17.5

17.51

Final Score

87.9

68.15

Original
Score

69.7

54.7

Change

18.2

13.5

Ranking

1

2

Original
Ranking

1

2
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8.0 Case Study

8.1 The Entrepreneurial Ecosystem of Riyadh City
Riyadh city is the capital of Saudi Arabia with a current population of 7.5 million. It is
located in Riyadh province, which is one of 13 provinces in the kingdom. Riyadh is the
most important financial and business city in Saudi Arabia (Kim, 2021).

It is important to provide a brief overview about Saudi Arabia’s entrepreneurship status
as a whole before narrowing it down to the city of Riyadh. The country has experienced
noticeable growth in the past five years that was boosted by government initiatives and
foreign investments (Alwazir, 2020). The Saudi vision of 2030 has been a great
entrepreneurship enabler with its initiatives, programs, and policies. The governor of the
Saudi SME Authority (Monsha’at), Mr. Saleh Alrasheed stated that the goal is “to make
Riyadh a world-class ecosystem for startups and investors by the collective efforts of
many stakeholders” (Genome, 2020). Overall, entrepreneurship in Saudi Arabia has
evolved rapidly over the past few years. The Saudi government has an objective of
creating a healthy ecosystem of entrepreneurs. This includes creating positive culture,
providing access for funding, formulating venture friendly legislations, and creating
enabling policies. All these improvements can be done by the support from stakeholders
such as the big corporations, universities, risk capitals, and entrepreneurs. The current
focus is to increase the technology based and innovative startups as it is part of the new
shape of economies that relies on data and technology (Proven Marketing Team, 2020).
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The Global Startup Ecosystem Report (GSER) 2020 has shown that the ecosystem value
was $1 bn, while the global average was $10.5 bn. The total early-stage funding was
$142 millions, while the global average was $431 millions (Genome, 2020).

Riyadh city includes several national banks, and most of the local & international
companies. About 33% of the factories in Saudi are in Riyadh. Simply, most of the
business and career opportunities are in Riyadh with the largest market size in the
kingdom (Kim, 2021). In 2019, four big projects with a cost of $23 bn were launched.
These four projects are: King Salman Park, Sports Boulevard, Green Riyadh, and Riyadh
Art. These projects are offering opportunities worth $15 bn for the private sector (Bridge,
2021). The capital city was listed within the top 40 economies in the world. However, the
ambitious new goal revealed by the crown prince Mohammed Bin Salman during the
Future Investment Initiative (FII) that was held earlier in 2021 at Riyadh is to be within
the top 10 economies (Faeq, 2021).

The Saudi leadership believes in the concept that the world economies are not based on
nations but on cities. This belief can be seen translated into actions taken toward boosting
the economy of Riyadh. The vision of 2030 includes the goal of increasing the population
from 7.5 million into 15-20 million residents by 2030 (Bridge, 2021). Riyadh generates
about 50% of the Saudi non-oil revenue. The cost of creating jobs is 30% less than the
rest of the country’s cities. Moreover, the cost of developing infrastructure and real estate
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is 29% less than the other cities within the kingdom (Kane, 2021).

Among all the current efforts of developing the entrepreneurship ecosystem in Riyadh,
there is a need for a scientific and practical approach to assess the performance of the
city’s entrepreneurial ecosystem.

8.2 Results of Case Study and Sensitivity Analysis
The final assessment model is demonstrated at this part to evaluate the entrepreneurial
ecosystem of Riyadh city. A final performance score is calculated in table 41, and another
city in the eastern province of Saudi Arabia (Al Khobar) is assessed in table 42 for the
purpose of comparison. Carefully selected experts on Riyadh’s entrepreneurial ecosystem
have scored desirability curves survey shown in (Appendix D). The final scores for each
criterion along with the total scores were calculated as explained earlier in section (4.10
Desirability Curves). The strengths and weaknesses of Riyadh’s entrepreneurial
ecosystem are listed in table 43. Scenario analysis was conducted to measure the model
sensitivity as shown previously in tables (34 - 40). Finally, recommendations for areas of
improvements are provided in table 44.
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Table 41 - Final Assessment Template with the Performance Assessment Score for Riyadh City.

Case Study of Riyadh City
Perspectives

Policy
(14.4 %)

Criteria
Government

Global Weight
2.5%

VC Value
80

Score
2.0

Government Strategy

2.9%

75

2.2

Venture Friendly
Legislation

5.0%

70

3.5

Research Institutes

4.0%

55

2.2

Venture Capital Funds

4.6%

80

3.7

Angel Investors

5.2%

80

4.1

Public Funds

3.8%

80

3.0

Taxation

4.3%

20

0.9

Societal Norms

4.3%

80

3.4

Incubators &
Accelerators

4.2%

85

3.6

Universities

3.8%

50

1.9

Digitalization

3.8%

85

3.2

Individual Skills

6.9%

80

5.5

Training

7.1%

50

3.5

Academic Background

4.6%

50

2.3

Business Background

6.6%

20

1.3

Market Size

8.5%

85

7.2

Entrepreneurial Network

6.7%

100

6.7

Early Adopters

5.3%

85

4.5

Distribution Channels

5.6%

85

4.8

100%

Final Score

69.7

Finance
(17.9 %)

Culture & Support
(16.2 %)

Human Capital
(25.2 %)

Market
(26.2 %)

Total

159

Table 42 - Final Assessment Template with the Performance Assessment Score for Al Khobar City.

Case Study of Alkhobar City
Perspectives

Policy
(14.4 %)

Criteria
Government

Global Weight
2.5%

VC Value
50

Score
1.2

Government Strategy

2.9%

50

1.5

Venture Friendly
Legislation

5.0%

70

3.5

Research Institutes

4.0%

20

0.8

Venture Capital Funds

4.6%

20

0.9

Angel Investors

5.2%

50

2.6

Public Funds

3.8%

50

1.9

Taxation

4.3%

55

2.4

Societal Norms

4.3%

55

2.4

Incubators &
Accelerators

4.2%

50

2.1

Universities

3.8%

50

1.9

Digitalization

3.8%

85

3.2

Individual Skills

6.9%

55

3.8

Training

7.1%

20

1.4

Academic Background

4.6%

80

3.7

Business Background

6.6%

50

3.3

Market Size

8.5%

85

7.2

Entrepreneurial Network

6.7%

50

3.4

Early Adopters

5.3%

50

2.7

Distribution Channels

5.6%

85

4.8

100%

Final Score

54.7

Finance
(17.9 %)

Culture & Support
(16.2 %)

Human Capital
(25.2 %)

Market
(26.2 %)

Total
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8.3 Strengths and Weakness
Table 43 - Strengths and Weakness of Riyadh Entrepreneurial Ecosystem.

Riyadh Case
Study

Criteria
Government
Government Strategy
Venture Friendly
Legislation
Venture Capital
Funds
Angel Investors
Public Funds
Societal Norms

Strengths

Incubators &
Accelerators
Digitalization

Individual skills
Market Size
Entrepreneurial
Network
Distribution Channels
Research Institute
Weakness

Taxation
Universities

Value Description
Government institutions and
regulation provide a good level
support
There is a good entrepreneurship
strategy
Venture legislations are at good
(low) level of complexity for
entrepreneurs
Venture capital funds are at high
level
Angel investors fund are at highest
level
Public funds are at high level
Societal norms are at high level of
encouraging people to become
entrepreneurs
There is a good number of incubators
& accelerators that provide quality
services to startups
Digitalization is at high level and has
noticeable impact on simplifying and
increasing the efficiency of
entrepreneurial activities
Good number of individuals
demonstrate entrepreneurial and
business skills
The market is large enough for
providing business opportunities
Entrepreneurial networks exist in
high level scale with noticeable
impact on the entrepreneurs'
performances
There is good level of distribution
channels
Research Institutes have average
contribution to the ecosystem
The taxation system is at low level
and requires massive improvements
There is moderate number of
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Value out
of 100
80
75
70
80
80
80
80
85

85

80
85

100

85
55
20
50

universities that provide support and
education to entrepreneurs
Academic
Entrepreneurs have limited academic
Background
background
Entrepreneurs have limited business
Business Background background when they start their
startups

50
20

8.4 Recommendations to Improve the Assessment Score
Assessing the status of entrepreneurial ecosystems in cities is very important for
governments, policy makers, entrepreneurs, investors, and other stakeholders. It is a vital
and critical process, but it is mostly beneficial when the assessments’ results are being
used to detect areas of improvements. Practical actions can be then applied to increase the
overall performance of the ecosystem by referring to the desirability curves metrics. The
desirability curves describe the status of the next level an ecosystem must be at. Table 44
includes the details of the recommended actions to improve each criterion with the
desired (improved VC value) and the (improved score). For the case of Riyadh
entrepreneurship ecosystem, there are five identified areas that require attention to
improve. First, the research institutes under the policy perspective need to be improved
from a VC of 55 to 80 based on the previous desirability curve in figure 25. This means
improving research institutes from an average to a good level of contribution to the
ecosystem as described in the value curve of this criterion.

Second, the taxation under finance perspective needs to be improved from a VC of 20 to
55 based on the previous desirability curve in figure 29. This means improving taxation
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from a taxation system that is at low level and requires massive improvements to a
taxation system that needs some improvements as described in the value curve of this
criterion.

Third, the universities under culture & support perspective needs to be improved from a
VC of 50 to 85 based on the previous desirability curve in figure 32. This means
improving universities' status from a moderate number of universities that provide
support and education to entrepreneurs into a good number of universities as described in
the value curve of this criterion.

Fourth, the academic background under the human capital perspective needs to be
improved from a VC of 50 to 80 based on the previous desirability curve in figure 36.
This means improving the academic background of entrepreneurs from moderate level
into a good level as described in the value curve of this criterion.

Fifth, the business background under the human capital perspective needs to be improved
from a VC of 20 to 50 based on the previous desirability curve in figure 37. This means
improving the business background of entrepreneurs from limited business backgrounds
when they start their startups into a moderate business background as described in the
value curve of this criterion.
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Table 44 - The Desired Assessment Scores for the city of Riyadh with the recommended
improvement actions.

Case Study of Riyadh City
Perspectives

Improvement
Global VC Score Improved Improved
VC Value Score
Actions
Weight Value
Government 2.5%
80
2.0
80
2.0
No action needed.
Criteria

Government
Strategy

2.9%

75

2.2

75

2.2

No action needed.

Venture
Friendly
Legislation

5.0%

70

3.5

70

3.5

No action needed.

Research
Institutes

4.0%

55

2.2

80

3.2

Establishing new
research institutes
by the public and
private sectors and
supporting the
existing institutes
with more financial
resources.
Moreover,
increasing the
awareness about the
importance of
research in
developing the
ecosystem.

Venture
Capital
Funds

4.6%

80

3.7

80

3.7

No action needed.

Angel
Investors

5.2%

80

4.1

80

4.1

No action needed.

Public Funds 3.8%

80

3.0

80

3.0

No action needed.

Policy
(14.4 %)

Finance
(17.9 %)

Culture &
Support

Taxation

4.3%

20

0.9

55

2.4

Reviewing the
current taxation
system and ensuring
that it is supportive
or at least not
creating obstacles
for starting or
growing business.

Societal
Norms

4.3%

80

3.4

80

3.4

No action needed.
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(16.2 %)

Incubators &
4.2%
Accelerators

85

3.6

85

3.6

No action needed.

Universities

3.8%

50

1.9

85

3.2

Enhancing the role
of existing
universities in
supporting and
educating the
community about
entrepreneurship.
And increasing the
engagement of the
university within
the community.

Digitalizatio
n

3.8%

85

3.2

85

3.2

No action needed.

Individual
Skills

6.9%

80

5.5

80

5.5

No action needed.

Training

7.1%

50

3.5

85

6.0

No action needed.

3.7

Encouraging more
entrepreneurs with
college degrees to
start their own
startups and utilize
their academic
background. This
can be done through
universities
programs or raising
the public
awareness.

3.3

Encouraging
individuals to
participate in
business activities
and build their
business experience
through working
with existing firms
or being part of
family or other kind
of business before
launching their
startups.

Academic
Background

4.6%

50

2.3

80

Human
Capital
(25.2 %)

Business
Background

6.6%

20

1.3
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50

Market Size

Market
(26.2 %)

8.5%

85

7.2

85

Entrepreneur
ial Network 6.7%

100

6.7

100

Early
Adopters

5.3%

85

4.5

85

Distribution
Channels

5.6%

85

4.8

85

Total 100%

69.7
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7.2
6.7
4.5
4.8
79.4

No action needed.
No action needed.
No action needed.
No action needed.

9.0 Research Validity
The purpose of conducting research validity is to test the reliability of the research. There
is external validity that tests the generalizability of the findings, and there is an internal
validity that checks the scientific followed approach (Barham, 2019; Nevo, 1985;
Schmidt, 2012). For this particular HDM based research, three types of research validity
are often applied to test the academic rigor. These three types are construct validity,
content validity, and criteria validity (Abotah, 2014; Barham, 2019; Estep, 2017; Gibson,
2016; Iskin, 2014; Phan, 2013).

9.1 Construct Validity
The objective of construct validation is to confirm that the research design would result
with the desired outcomes (Barham, 2019; Nevo, 1985; Schmidt, 2012; Sireci, 1998).
The initial model was built using HDM after extensive literature review. The selection of
HDM methodology was justified in section (4.3 Methodology justification and
comparison), and a list of potential methodologies was provided in section (4.5
Comparison between multi criteria decision making approaches). These methodologies
were discussed and compared before selecting HDM as the ideal methodology that can
address the research questions and achieve the research objective. Moreover, professors,
PhD candidates, and PhD graduates from Portland State University confirmed this
selection and validated the capability of the method to generate the desired research
outcomes.
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9.2 Content Validity
The focus of content validity is to assure that the model’s elements can lead to addressing
the research questions (Barham, 2019; Fitzpatrick, 1983; Healy & Perry, 2000; Sireci,
1998). This validation was conducted by the subject matter experts who validated the
perspective and criteria of the model. Details of this validation process can be found in
section (6.1 HDM Model Validation ). After all the perspectives and criteria were
validated by a minimum threshold of 67%, other expert panels were asked to quantify the
model. This quantification process resulted in relative weights/ranking for all the
perspectives and criteria in the model. Details of the quantifying process can be found in
section (6.2 HDM Model Quantification). After that, inconsistency and disagreements
analysis were applied to measure the reliability of the experts’ judgments. This analysis
showed that the levels of inconsistency and disagreement among experts are within the
acceptable level. More details of inconsistency and disagreement analysis can be found in
section (6.4 Inconsistency and Disagreement Analysis). Lastly, extreme scenario analysis
was conducted as part of the sensitivity analysis to measure the reliability of the model.
More details of the scenario analysis can be seen in section (7.0 Sensitivity / Scenario
Analysis).

9.3 Criteria Validity
The focus of criteria validity is to confirm that the research can add practical value. This
validity was done by applying the assessment model on the case study of Riyadh city as
explained in section (8.0 Case Study). Entrepreneurship experts from Riyadh’s
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entrepreneurial ecosystem have confirmed that the assessment model is valuable and
practical. Applying the model to Riyadh’s entrepreneurial ecosystem resulted with a total
performance score that was compared to another ecosystem in Saudi Arabia (Al Khobar
city). It also pointed to the strengths and weaknesses of the ecosystem and provided
recommendations for areas of improvements based on desirability curves as shown in
section (8.4 Recommendations to Improve the Assessment Score). Many of the experts
were interested to see the application of the assessment model since the initial stages of
developing the model and validating its criteria. Thus the assessment model was
approved as a valuable tool to measure the status of entrepreneurial ecosystems.
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10.0 Discussion
This section provides a discussion about the final quantification results of the assessment
model. It discusses the general results of the perspectives’ weights, each perspective’s
criteria results, and finally the case study results.

10.1 Practical Application: General
Overall, the final weights of these perspectives were relatively close to each other.
Market and human capital were at the top followed by finance, culture & support, and
policy respectively with similar weights. The market perspective was found to be the
most important perspective with a weight of (26.2%), followed directly with the human
capital perspective that is equal to (25.2%). The finance perspective was the third most
important one with a weight of (17.9%), followed by the culture & support perspective
with a weight of (16.2%) in fourth place. The least important perspective was found to be
policy with a weight of (14.4%). These findings of ranking market and human capital as
the top two perspectives align with the feedback from some experts’ interviews. Experts
believe that successful entrepreneurs will thrive despite the regulations’ challenges, and
hence they are considered the most important factor in the ecosystem. Startups with great
teams would most likely succeed in a large addressable market despite the difficulty of
financing. Entrepreneurs with limited financing but operating in a large market would
have a better chance of scaling and growing than entrepreneurs with strong financing in a
smaller market.
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Narrowing the discussion into the criteria level. The most important criterion in the whole
model was found to be market size with 8.5%. The second most important criterion was
found to be training with 7.1%. The third most important criterion was found to be
individual skills with 6.9%. The fourth most important criterion was found to be
entrepreneurial network with 6.7%. The fifth most important criterion was found to be
business background with 6.6%

It was hard to predict the final ranking as all the five perspectives were discussed in the
literature as essential parts of the entrepreneurial ecosystems. These perspectives were
then validated by entrepreneurship experts who are a mix of university professors,
academic researchers, managers and advisors at entrepreneurship centers, co-founders of
business incubators & accelerators, and entrepreneurs. However, the literature lacks
research that evaluates (rank) the challenges within entrepreneurship ecosystems under
different perspectives as stated in the research gaps. Therefore, it is hard to have
expectations for the final results except for personal judgements comparison. The
following subsections discuss each perspective’s results starting from the most important
to the least important perspective.

10.2 Practical Application: Market Perspective
Market perspective was found to be the most important factor of entrepreneurial
ecosystems with a relative weight of (26.2%). Market in the context of this research was
simply defined as the medium where two or more parties get engaged in an economic
171

transaction (Kenton, 2021b). As the definition of market implies, the entrepreneurial
activities occur in the market “medium”. This makes it a reasonable finding as it is the
element that encompasses all the business and entrepreneurship activities. Assuming an
ecosystem at city X recruited the best entrepreneurs with unlimited funding and were
provided all the support from government and the society, these entrepreneurs will not be
able to launch successful startups without the presence of market. There is nothing
entrepreneurs can do regarding the absence of a market or having a small market except
for some kind of business models that are fully virtual. The major finding implies that the
market is a vital factor to entrepreneurial ecosystems.

The four criteria under the market perspective were evaluated separately and were given
a combined total of 100% divided between the four criteria. Then, a global weight was
calculated as explained previously in the methodology section. The same scenario applies
to the rest of the other perspectives.

The market size criterion was found to be the most important criterion with a relative
local weight of (32.5%). This makes it the most important criterion in the entire model
with a global relative weight of (8.5%). This research finding aligns with the literature
review and the experts’ opinions. Research shows that the desire to become an
entrepreneur increases respectively with the increase in the population density, which
means a larger market size. A 10% increase in the population density results in a 1%
increase in the share of people who would like to become entrepreneurs (Sato et al.,
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2012). Estimating the market size is a necessary step at the stage of formulating the
business plan or if the startup is looking for financing from venture capitals. Large
market with at least ($1 billion) is what attracts investors (Estimating Market Size, 2009;
Matsuyama, 1992). The entrepreneurial network criterion was ranked second with a
relative local weight of (25.6%). Moreover, it was ranked fourth within the entire model
with a global weight of (6.7%). Some literature highlighted the benefit of shared
entrepreneurship knowledge within the community but there was not much emphasis on
its influence in the ecosystem (Fischer & Reuber, 2003; Mason & Brown, 2013). The
distribution channels criterion was placed third with a local weight of (21.5%). The least
important criterion was found to be the early adopters with a relative local weight of
(20.4%).

10.3 Practical Application: Human Capital Perspective
Human capital was ranked second after market with a relative weight of (25.2%), which
is a very close weight to market (difference of only 1%). Human capital in the context of
this research refers to the factors related to the ability of individuals to be entrepreneurs.
It can be measured through individual skills, training, academic background, and business
experience. Similar to the market, the ranking of human capital is reasonable as it is
crucial to the entrepreneurial process. The first thing investors look for when investing in
a startup is the team. Other factors such as business model and current sales or financial
reports come after. The lack of an entrepreneur’s individual capabilities is hard to
compensate for. Gaining business experience, developing soft skills, attending training
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sessions, or receiving entrepreneurship advising will take a long time. A great
entrepreneur in a good market can overcome the difficult policies, financial challenges,
and cultural pressure. However, providing all the financial, governmental, and cultural
support to incapable individuals will not result in a successful high growth startup as long
as the decision maker in the startup is not qualified. The major finding implies that
human capital is a vital factor to entrepreneurial ecosystems.

The training criterion was found to be the most important criterion with a relative local
weight of (28.1%). This makes it the second most important criterion in the entire model
with a relative global weight of (7.1%). Individual skills criterion was ranked second
within the human capital perspective with a relative weight of (27.4%). This makes it the
third among the entire model with a relative global weight of (6.9%). Business
background criterion was placed third with a relative local weight of (26.1%). This makes
it the fifth most important criterion among the entire model with a relative global weight
of (6.6%). Three of the human capital criteria are within the top five criteria of the whole
entrepreneurial ecosystem. The least important human capital criterion was found to be
the academic background with a relative local weight of (18.5%).

10.4 Practical Application: Finance Perspective
Finance perspective was ranked third after the human capital with a relative weight of
(17.9%) lower than human capital by (7.3%). The relative weight of finance is exactly in
the middle being less important than market and human capital but more important than
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policy and culture & support. Finance is defined in the context of this research as the
“presence of financial means to invest in activities that do not yet deliver financial
means'' (E. Stam & Van de Ven, 2019). It is definitely beneficial for entrepreneurs to
have access to different kinds of funding. The results of this perspective’s rank seem
logical and reflective of the reality of startups. The access to financial support is crucial
for launching startups, especially at the growth stage. However, many startups manage to
start with very limited cash or self-fund. Some business models would generate enough
cash for reinvesting in the startup and maintaining its growth but for many others, scaling
the startup cannot be achieved without the support from venture capitals. Many tech
startups rely on human resources and technology at their beginning without the need to
have massive amounts of money. However, once the founders pass the stage of minimum
viable product MVP, they should have spent a lot of their time in the startup and need to
get paid and hire more people. Then the need for cash raises especially for business
models that rely on building a community of users before it starts making money. This
type of startup would normally convince investors that they are investing in the future
value of the startup with the potential exit of either Initial Public Offer -IPO or getting
acquired by a larger firm. The major finding implies that finance is an important enabler
factor to the entrepreneurial ecosystem, but it is not vital as market or human capital.

The angel investors criterion was found to be the most important financial criterion with a
relative local weight of (28.9%). Second highest criterion was found to be the venture
capital funds with a relative local weight of (25.6%). The taxation criterion was placed
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third with a relative local weight of (24.3%). The public funds criterion was found to be
the least important with a relative local weight of (21.1%)

10.5 Practical Application: Culture & Support Perspective
Culture & Support perspective was ranked fourth with a weight of (16.2%) after finance
with a slight difference of (1.7%). Culture & Support perspective is defined in this
research context as how the community within a region understands, admires and reacts
with entrepreneurship while the support aspect refers to business incubators, accelerators,
universities, and conferences (Fritsch & Wyrwich, 2014; E. Stam & Van de Ven, 2019).
The rank of this perspective is reasonable as it contains external criteria surrounding the
core entrepreneurial activities performed by the human capital within the medium of
market. The major finding implies that culture & support is an important enabler factor to
entrepreneurial ecosystems but it is not vital as market or human capital.

Overall, the results were close with slight variations between the weights of all the
criteria. The societal norms criterion was found to be the most important culture &
support criteria with a relative local weight of (26.6%). Second criterion was found to be
the incubators & accelerators with a relative local weight of (26.2%) which makes it
almost at the same level of the societal norms. It is surprising that incubators &
accelerators criterion was weighted with a relative global weight of only (4.2%). This
means it is ranked the14th among the 20 criteria. Some general thought based on media
coverage of entrepreneurship activities expected this criterion to have higher weight as it
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is meant to support mainly startups. One of the participating experts emphasized on how
the culture is the most important factor in the whole ecosystem, and that efforts should
focus on this aspect. However, culture & support was ranked fourth among the five
perspectives. Similar examples can be noticed with other experts as each individual
evaluates the ecosystem from his/her view of points. This brings the importance of
scientific method in combining the thoughts of top experts in the field and creating a
framework to evaluate the factors with the least bias and inconsistency. The digitalization
criterion was placed third with a relative local weight of (23.6%) followed by the
criterion of universities, which is almost at the same level of importance with a relative
local weight of (23.5%).

10.6 Practical Application: Policy Perspective
Policy was ranked fifth as the least important perspective in the identified model with a
relative weight of (14.4%) lower than culture & support by (1.8%). Policy is defined in
this research context as the set of government guidelines and regulations that control
entrepreneurial activities (Management Study Guide, n.d.-a). Although the literature
review clearly showed the relation between policy and entrepreneurship ecosystems,
policy was evaluated as the least important perspective among the five perspectives.
There are research works that discusses how policy influences entrepreneurial activities
but there is a lack of literature that ranks the factors affecting building entrepreneurial
ecosystems. The major finding implies that although policy is an important part of
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entrepreneurial ecosystems, it is the least important factor among the five identified
factors.

The venture friendly legislation criterion was found clearly as the most important
criterion with a relative local weight of (34.7%) with a relative global weight of (5%),
which makes it ranked the 9th among the twenty criteria in the model. Some experts
expected this factor to be much important as it is the factor that controls and rules the
entrepreneurial activities. The simplicity and effectiveness of the venture legislation can
expedite the creation and the growth of startups. However, the research findings implies
that there are eight other criteria that are much more important but it is still within the top
10 criteria in the model. Second highest criterion under the policy perspective was the
research institutes with a relative local weight of (27.5%). The government strategy
criterion was placed third with a relative local weight of (20.4%). Lastly, the government
criterion was found to be the least important with a relative weight of (17.3%) and a
relative global weight of only (2.49%), which is also the least important criterion across
the entire model. This finding might not be expected based on some of the literature and
experts who believe that the government's role is a necessity in promoting
entrepreneurship innovation in any region. However, it is expected for those who believe
that governments should be enablers but not players. Governments have to support
people in being entrepreneurs but this role should not exceed the limit and turn from
supporting into leading the movement (Feld, 2012; Fuerlinger et al., 2015).
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10.7 Other Research Works

10.7.1 Assessments Models
The Global Report by the Global Entrepreneurship Monitor (GEM) measures the
status of entrepreneurship through 12 entrepreneurship framework conditions (EFCs),
which was created as a result of observing entrepreneurship along with academic
literature during the past twenty years. The GEM assessment includes two different
qualitative surveys. First, the adult population survey (APS), which captures the public
attitudes toward the desire to start a new business. This survey targets a random sample
of at least 2000 adults from each assessed economy. The second survey is the national
expert survey (NES), which measures the access to finance, education, skills of the
population, and social support to entrepreneurship. It also measures the bureaucracy,
taxes, poor infrastructure, and social isolation. NES includes a sample of at least 36
carefully selected experts for each economy, and they are asked to evaluate the current
status of EFCs based on a scale from (0) completely untrue to (10) completely true. “The
nature of these conditions is such that no objective assessment is available as to their
quality or efficacy in a particular economy. In these circumstances, one established
method of assessment is to seek multiple expert views, which can then be pooled”
(Bosma et al., 2021). The GEM assessment measures entrepreneurship as framework
conditions and not as an ecosystem as this dissertation does. It also considers equal
weights for all the factors, while this dissertation provides unique relative weights for
each of the factors forming the entrepreneurial ecosystems.
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The Global Startup Ecosystem Report (GSER) by Startup Genome and Global
Entrepreneurship Network (GEN) includes quantitative data on over 1.27 million
companies, 250+ ecosystems, and survey data from more than 10,000 startup executives
across the globe. This report provides a ranking approach for the top ecosystems and
another ranking approach for the emerging ecosystems. For the top ecosystems, it
provides global ecosystem ranking as a weighted average of the following six factor
scores: performance 30%, funding 25%, market reach 15%, connectedness: 5%,
experience & talent 20%, knowledge 5%. Each one of these factors is associated with
sub-factors to be scored and then multiplied by the weight of the factor. Similarly for the
emerging ecosystems, the report provides a ranking as a weighted average of the
following four factors with different weights: performance 45%, funding 30%, market
reach 15%, experience & talent 10%. “The weights of the factors were determined from
2017- 2020 through correlation analyses and modeling work based on linear regression
analyses, using factor indexes as independent variables with the performance index as
dependent variable” (Genome, 2020). Startup Genome’s assessment framework of
entrepreneurship ecosystems includes under the listed factors more than 100 metrics to
measure the factors that drive startup performance. This assessment is similar to this
dissertation’s assessment model in terms of providing different relative weights for each
factor rather than treating all factors equally. However, the methodology to determine the
weight is different. Moreover, this assessment is quantitative and has access to many
global organizations, companies, reports, surveys, and ecosystems to measure each factor
with enormous resources and a large team of researchers. On the other hand, this
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dissertation provides a qualitative method that does not require having access to all these
global resources but requires reaching out to carefully selected experts to evaluate each
ecosystem similar to the GEM methodology (Genome, 2020).

The Global Competitiveness report by the World Economic Forum includes the
global competitive index (GCI), which measures major 12 pillars of entrepreneurship.
“CGI weighted average of many different components, each measuring a different aspect
of competitiveness”. This assessment evaluates the pillars based on a scale from 1 to 7
(Sala-i-Martin, 2010). A new report of the world economic forum measures different
factors from 0 to 100 (Schwab & Zahidi, 2020).

Global Entrepreneurship and Development Index - George Mason University
measures entrepreneurship through 15 pillars: “opportunity perception, startup skills,
non-fear of failure, networking, cultural support, opportunity startup, technology sector,
quality of human resources, competition, product innovation, process innovation, high
growth, internationalization, and risk capital. These pillars are then aggregated into three
sub-indices that measure; entrepreneurial ability, entrepreneurial attitudes and
entrepreneurial aspirations” (Entrepreneurial Ecosystem: Diagnostic Toolkit, 2013).
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10.7.2 Frameworks
The Organization for Economic Co-operation and Development (OECD)
Entrepreneurship Measurement Framework examines entrepreneurship through 6
determinants and indicators under each determinant (Hoffman & Ahmad, 2008; OECD,
n.d.). The OECD has developed a framework to assess the quality of indicators, based on
3 dimensions: relevance, accuracy, and availability (Entrepreneurial Ecosystem:
Diagnostic Toolkit, 2013). Many of the OECD’s determinants and indicators overlap
with the perspectives and criteria of this dissertation’s model.
The Babson Entrepreneurship Ecosystem Project (BEEP) categorizes their
framework into six domains: policy, finance, culture, Supports, market, and Human
Capital. This framework that was presented by Isenberg (2014) is the starting point of
this dissertation’s assessment model. These six domains and their sub domains were
modified by literature review and subject matter experts’ inputs. After that, the modified
version of the model was validated by groups of expert panels before it was evaluated to
provide relative weights for each domain and elements.

These domains and elements are referred to as perspectives and criteria in this thesis
(Entrepreneurial Ecosystem: Diagnostic Toolkit, 2013).
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10.7.3 Academic Research
There are academic works that disagree with this dissertation’s approach of developing a
“universal/global” assessment model to measure entrepreneurial ecosystems. Motoyama
(2016; 2014) has conducted in-depth studies of entrepreneurship ecosystems in Kansas
City, St. Louis, Indianapolis, Chattanooga, and Montana, and concluded that each
ecosystem is substantially different. According to these studies, each city has different
key organizations, individuals, and history. Therefore, the strengths, assets, and key
players of the ecosystems are different. For example, it was found that the government
plays a major role such as in Chattanooga (Motoyama et al., 2016). In another city,
universities are more important such as in Montana and St. Louis (Motoyama &
Knowlton, 2014). Thus these two case studies do not recommend measuring the
importance of ecosystem components in a unidimensional approach as the “universal
assessment model” of this dissertation implies.
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11.0 Conclusion
Entrepreneurship is one of the major drivers of economies. Countries that aim to improve
their economies by increasing entrepreneurial activities and its effectiveness, need to
develop an effective entrepreneurship ecosystem. This ecosystem combines a set of
domains and factors that create a healthy environment for entrepreneurs. The literature
review analysis indicates that the study of entrepreneurship ecosystems at early stages,
yet it is one of the emerging topics within the last decade. The analysis shows that there is
limited research about structured assessment methods to evaluate the entrepreneurship
ecosystems. Therefore, this research objective is to introduce a universal assessment
model that can be adopted in different cities for implementing an effective
entrepreneurial ecosystem. This was done by addressing three main research gaps and
three main research questions as shown in tables 45 and 46 respectively.

The first research gap was the limited research about structured assessment methods to
evaluate entrepreneurship ecosystems. This research gap was addressed by presenting the
HDM model as a structured assessment method to evaluate entrepreneurship ecosystems.
The second research gap was the limited research about evaluating the challenges within
entrepreneurship ecosystems under different perspectives. This research gap was
addressed by analyzing entrepreneurship ecosystems and identifying different
perspectives and criteria. The third research gap was the limited research that defines the
critical factors in growing entrepreneurial ecosystems. This research gap was addressed
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by defining twenty different criteria under five main perspectives with their relative
weights and providing desirability curves to measure each criterion.

The first research question that was answered: “what are the main factors influencing the
entrepreneurship ecosystems?”. This research question was answered through the final
HDM, which identified a set of perspectives and criteria influencing the entrepreneurial
ecosystems as shown in section five. The second research question that was answered:
“what are the weights of the factors influencing the implementation of an effective
ecosystem?”. This research question was answered by the HDM quantification in section
six. The third research question that was answered: “does the introduced method provide
a practical process to evaluate entrepreneurial ecosystems in different cities?”. This
research question was answered by the case study of Riyadh in section eight, which
demonstrated a practical implementation of the model.

Table 45 - Summary of the Research Gaps and How it Was Addressed by the Dissertation.

Research Gaps

How it Was Addressed

1 - There is limited research about structured
assessment methods to evaluate
entrepreneurship ecosystems.

This dissertation presented the HDM model as
a structured assessment method to evaluate
entrepreneurship ecosystems.

2- There is limited research about evaluating
the challenges within entrepreneurship
ecosystems under different perspectives.

The dissertation analyzed entrepreneurship
ecosystems and identified different
perspectives and criteria.

3- There is limited research that defines the
critical factors in growing Entrepreneurial
Ecosystems.

The research defined twenty different criteria
under five main perspectives with their
relative weights and provided desirability
curves to measure each criterion.
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Table 46 - Summary of the Research Questions and How it Was Addressed by the Dissertation.

Research Questions

How it Was Addressed

1 - What are the main factors influencing the
entrepreneurship ecosystems?

The HDM model identified a set of
perspectives and criteria influencing the
entrepreneurial ecosystems. Details can be
found in section six.

2- What are the weights of the factors
influencing the implementation of an effective
ecosystem?

The HDM quantification in section six
provided answers to this question.

3- Does the introduced method provide a
practical process to evaluate entrepreneurial
ecosystems in different cities?

This was addressed through the case study of
Riyadh as part of section eight, which
demonstrated a practical implementation of
the model.

The research objective was to introduce a universal assessment model that can be adopted
in different cities for implementing an effective entrepreneurial ecosystem. This was
achieved by:
● Developing a multi-level criteria evaluation framework.
● Providing recommendations for improvement based on gap analysis.

11.1 Research Contribution
The research contributions can be summarized as follow:
1. The research contributed to the technology management body of knowledge as it
is solely tied with entrepreneurship ecosystems especially at this era.
2. The research presented a practical universal assessment model that can be
implemented to measure the performance of entrepreneurial ecosystems at any city.
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3. The research introduced the method of Hierarchical Decision Model (HDM) to
the literature of evaluating entrepreneurial ecosystems.
4. The research Identified the most effective factors (perspectives and criteria) in
developing an entrepreneurial ecosystem.
5. The research ranked the most effective factors (perspectives and criteria) in
developing an entrepreneurial ecosystem.
6. The research created metrics (desirability curves) to measure the level of each
criterion without the need of having knowledge about the methodology, which makes
it easier to implement the model at any ecosystem with any experts.
7. The research presented an explicit case study evaluation for Riyadh city’s
entrepreneurial ecosystem and provided recommendations for areas of improvements.
8. The research created an evaluation and improvement framework for policy
makers to develop entrepreneurial ecosystems in their cities.

11.2 Research Limitations
1. The limited access to a larger group of subject matter experts, and the possibility
of bias impact on the selected experts’ panels. Although there was a systematic
approach to identifying experts and then inviting them to evaluate the assessment
model, there is still a possibility of bias, inconsistency, or disagreement as it is a
human process. Changing the experts panel would influence the final outcome of
the model as it is based on a qualitative and subjective methodology. The crucial
part is to follow the mitigation recommended actions if needed.
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2. Based on the experts’ feedback, the importance of each criterion might vary from
phase to another phase during the journey of startups. Therefore, evaluating some
of the criteria would be not very precise if the desired evaluated phase is not
specified. For example, an expert could evaluate the criteria of angel investors to
be very important at the early stages such as in the (seed stage). However, this
same criterion might be less important at a later stage such as the (growth or
expansion stage) as other criteria such as the venture capital gain higher priority.
This research focused on developing an assessment model to measure the general
entrepreneurship ecosystem regardless of the phases of startups, which is out of
the research scope.

3. The importance of each perspective and criteria might vary from time to time. A
criterion that might be the least important today, could change to be very
important in the future.

4. Based on the experts' feedback, the importance of each criterion might vary from
city to another city. Few experts suggested that assessment models should be
designed explicitly for specific entrepreneurial ecosystems rather than creating
one comprehensive/universal model. The path that this research followed creating a universal assessment model rather than a specific model- was justified

188

based on the literature review and subject matter experts’ feedback. However, this
issue may still be addressed in future work.

11.3 Future Work
Conducting research always raises more questions and issues to be addressed. The
previous discussed limitations are the main inspirations for the following future work
suggestions.
1. Expanding the model to include sub-models that assess the entrepreneurial
ecosystems at different regions rather than one universal assessment. This would
require covering more detailed criteria to be holistic as much as possible. The
results of this future research could be then compared to this dissertation’s
findings.
2. Creating an assessment model that evaluates the ecosystems at different stages of
startups’ lives (early vs growth) stages.
3. Applying the model on additional case studies from different countries to assure
the practicality of the model.
4. Refreshing the model to keep it relevant to possible changes.
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Appendices
Appendix A: Invitations Letters to Experts
Invitation Email to Experts
Title: Invitation to Participate in my PhD Entrepreneurial Ecosystems Research
Hello [Name],
I hope you are doing great! This is Mustafa Almuzel, I am a PhD candidate in the
Department of Engineering Technology Management at Portland State University under
the supervision of Dr. Tugrul Daim.
I am reaching out to invite you to participate in my research as a subject matter
expert considering your expertise in the field of entrepreneurship. The thesis
objective is to introduce a universal assessment model that can be adopted in different
cities for implementing an effective entrepreneurial ecosystem.
As part of developing this research model, I would need subject-matter experts to first
validate my model then quantify it.
Participation includes filling out two surveys:
Survey 1: Validating the selected factors affecting entrepreneurial ecosystems.
Survey 2: Quantifying and ranking these factors.
Please let me know if you are interested in participating so I can proceed with the next
steps. More information about my research can be found in the attachment.
Best Regards,
Mustafa Almuzel
Ph.D. Candidate in Engineering & Technology Management
Portland State University
Phone: 503-784-4451
Linked-In
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Invitation Email to Experts (Invitation for evaluation only- survey 2)
Title: Invitation to Participate in my PhD Entrepreneurial Ecosystems Research
Hello [Name],
I hope you are doing great! This is Mustafa Almuzel, I am a PhD candidate in the
Department of Engineering Technology Management at Portland State University under
the supervision of Dr. Tugrul Daim.
I am reaching out to invite you to participate in my research as a subject matter
expert considering your expertise in the field of entrepreneurship. The thesis
objective is to introduce a universal assessment model that can be adopted in different
cities for implementing an effective entrepreneurial ecosystem.
Participation would include filling out one survey to Quantify and rank the identified
factors affecting entrepreneurial ecosystems.
Please let me know if you are interested in participating so I can email you the
survey.
More information about my research can be found in the attachment.
Best Regards,
Mustafa Almuzel
Ph.D. Candidate in Engineering & Technology Management
Portland State University
Phone: 503-784-4451
Linked-In
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Validation Email to Experts
Title: Research Model Validation Survey - Mustafa’s Research
Hello [Name],
Thank you for accepting my invitation to participate in my research!
The title of my research is: Developing an Assessment Model for Entrepreneurship
Ecosystems using Hierarchical Decision Model: Case Study of Riyadh City
The research objective is: To introduce a universal assessment model that can be
adopted in different cities for implementing an effective entrepreneurial ecosystem. More
details are provided in the survey.
The objective of this survey is to validate and confirm that the identified factors are
related to measuring the performance of entrepreneurial ecosystems before proceeding to
the next step of evaluating/quantifying these factors in survey 2.
Here is the 1st survey link:
https://portlandstate.qualtrics.com/jfe/form/SV_6ME0RiPuPUr3aeO
Deadline: It will be great to have your survey completed by (Oct 31). It should take (2-4)
min.
Consent
Your participation in this study indicates that you have read the information provided on
this link: https://docs.google.com/document/d/1s6VwFxhxJYQqdA_tG1ZbFVMujb0vvR2YQ0jenO_8Sg/edit?usp=sharing
The consent form indicates that you are not waiving any of your legal rights as a research
participant, your personal information will be confidential and will not be shared with
any third party, and you can withdraw from participating at any time.
Best,
Mustafa Almuzel
Ph.D. Candidate in Engineering & Technology Management
Portland State University
Phone: 503-784-4451
Linked-In
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Evaluation Email to Experts
Title: Research Model Quantifying / Evaluating Survey
Hello [Name],
Thank you for filling out survey 1 (validation survey)!
Your valuable feedback and comments were taken into consideration for the final
preparation of my dissertation.
After the proposed perspectives and criteria of the model have been validated by at least
70%, I would like you to evaluate each one of these perspectives and criteria by
determining which one is more important when compared to each other.
The objective of this survey is to quantify the importance of each factor through
pairwise comparisons.
●

All the perspectives and criteria will be compared against each other in pairs.

●

You are expected to assign more points to the factor with higher importance. For
example, if A is 3 times more important than B, then A should be assigned 75
points and B should be assigned 25 points.

●

Try your best to be consistent when quantifying. For example, if A is better than
B, and B is better than C, then A must be better than C.

Here is the Evaluation Survey (2) Link:
http://research1.etm.pdx.edu/HDM2/expert.aspx?id=ed26d17238f4c9f7/aa8d869fc0c
ca350
(I would recommend doing this survey from your computers rather than your phones for
easier use)
Deadline: It will be great to have your survey completed by the deadline on Sunday
(Nov 28). This survey might take (7-15) min.
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Finally, you may want to refer to the attached document to refresh your mind with
the research objective and refer to the definitions of the model’s perspectives &
criteria.
Consent
Your participation in this study indicates that you have read the information provided on
this link: https://docs.google.com/document/d/1s6VwFxhxJYQqdA_tG1ZbFVMujb0vvR2YQ0jenO_8Sg/edit?usp=sharing
The consent form indicates that you are not waiving any of your legal rights as a research
participant, your personal information will be confidential and will not be shared with
any third party, and you can withdraw from participating at any time.
Best Regards,
Mustafa Almuzel
Ph.D. Candidate in Engineering & Technology Management
Portland State University
Phone: 503-784-4451
Linked-In
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Evaluation Email to New Experts (Evaluation only - survey 2)
Title: Survey for Developing Assessment Model of Entrepreneurial Ecosystems
Hello [Name],
Thank you for accepting my invitation to participate in my research!
The title of my thesis is: Developing an Assessment Model for Entrepreneurship
Ecosystems using Hierarchical Decision Model: Case Study of Riyadh City
After the proposed perspectives and criteria of the model have been validated by at least
70%, I would like you to evaluate each one of these perspectives and criteria by
determining which one is more important when compared to each other.

The objective of this survey is to quantify the importance of each factor through
pairwise comparisons.
●

All the perspectives and criteria will be compared against each other in pairs.

●

You are expected to assign more points to the factor with higher importance. For
example, if A is 3 times more important than B, then A should be assigned 75
points and B should be assigned 25 points.

●

Try your best to be consistent when quantifying. For example, if A is better than
B, and B is better than C, then A must be better than C.

Here is the Evaluation Survey Link:
http://research1.etm.pdx.edu/HDM2/expert.aspx?id=ed26d17238f4c9f7/aa8d869fc0c
ca350

Deadline: It will be great to have your survey completed by the deadline on Friday
(Dec 24). This survey might take (7-14) min.
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Finally, you may want to refer to the attached document to get yourself familiar
with the research objective and refer to the definitions of the model’s perspectives &
criteria.
Consent
Your participation in this study indicates that you have read the information provided on
this link: https://docs.google.com/document/d/1s6VwFxhxJYQqdA_tG1ZbFVMujb0vvR2YQ0jenO_8Sg/edit?usp=sharing
The consent form indicates that you are not waiving any of your legal rights as a research
participant, your personal information will be confidential and will not be shared with
any third party, and you can withdraw from participating at any time.
Best Regards,
Mustafa Almuzel
Ph.D. Candidate in Engineering & Technology Management
Portland State University
Phone: 503-784-4451
Linked-In
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Appendix B: Qualtrics Survey to Validate the Model
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Appendix C: HDM Software to Quantify the Model

247

248

249

Appendix D: Qualtrics Survey to Score Desirability Curves
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Appendix E: Social Network Analysis (SNA) Detailed Process
Using CiteSpace:
● Download data in plain text format from the web of science and name the file with
“download” at the beginning.
● Upload it to cite Space.
Using Gephi:
● Download data.
● Use the shiny package from the ETM department developed by Dr. Edwin to
change the format of the data (it will create edge list).
● The edge list can be uploaded to Gephi.
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